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Magnetic Properties of Some 
Nickel-Iron Alloys 


The nickel-iron alloys possess many outstanding advantages, particularly in respect 


of ** mittal permeability ni 


in very low magnetic fields, 


The addition of varying 


percentages of other metals to the basic alloy has the effect of improving the pro- 
perties in various directions. * 
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NVESTIGATORS have given considerable 
to alloys of iron and nic kel far back 
Stedart and Faraday! prepared some of these alloys 
later, other workers examined the 
It was not, however, unt’l Marbeau 
had demonstrated, in’ ISS85, the commercial 
production of — ferro - nickel 
alloys, and Riley? and Hall 
had drawn attention the 
valuable properties of nickel 
that intensive investi- 
gation of the ol 
allovs was undertaken. Re 
search has shown that 
nickel-iron and related alloys 
useful proper 


as as 


synthetically, and, 
propert ies of the alloy s 
possible 


to 


steels, 
whole Series 


since 


possess certain 
ties in a degree not approached 
by any other known material. 

Soon Riley had 
results his 


after 
the of 


investigations into the mechan- 


announced 


ical properties of nickel steels, 
Hopkinson* commenced — an 
examination of the magnetic 
properties of iron alloys con- 
taining varying percentages of 
nickel, and discovered that a 


about 25°, 


steel containing 
nickel 
at room temperatures 
a number of 
examined the magnetic proper- 
ties of the whole range of 
alloys, principally in con- 
nection with attempis to decer 
mine the equilibrium diagram 
The results of these investiga 
(ions found little commercial 
application except perhaps in 
the case of the non-magnetic 
steels containing about 25° 

nickel, which were, and are still, used to some extent where 
with pre perties, 


non-magnetisable 
Late - 
workers 


was 


other 
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strength, combined non-magnetic is 
required. 

The advaniages of the nickel-iron alloys are specially 
pronounced in very low magneiic fields, and are particularly 
well marked in respect of ** initial permeability ” : that is, 
ihe permeability in fields whose strengths approach zero. 
Barrett, Brown, and Hadfield® noticed that under the 
feeble force of the earth’s magnetic field an annealed 
specimen of 31-4°, nickel steel had a higher permeability 
than a specimen of the very best iron. Panebianco® 
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alloy and pure 


measured the initial susceptibility of a few nickel-iron 
alloys, and commented upon its high value. Yensen? 
investigated the magnetic properties of the whole range 
of nickel-iron alloys in fields of from 0-2 to 400 units. 
What striking properties these alloys possess may be 
18, which shows the values obtained by 
Yensen® for a 78% _ nickel 
alloy and a silicon-iron alloy. 
The highest value for initial 
permeability recorded up to 
the present is about 130,000,1° 
a value more than 30 times 
that of the best soft iron. 
This value was obtained for an 
alloy of a series patented by 
The Western Electric Co., and 
known as ** Permalloy.” ™ 

Another nickel-iron alloy 
from a of which the 
Telegraph Construction and 
Maintenance Co., Ltd., hold 
the patent, is “* Mumetal,” !2 
containing copper. This alloy 
has properties similar to those 
of the pure nickel-iron alloys. 
Fig. 2!3 shows how its perme- 
ability compares in low mag- 
netic fields with that of a 
commercial silicon-iron alloy. 
The initial permeability of 
* Mumetai ” higher than 
that of the binary nickel-iron 
alloy, the commercial product 
having an initial permeability 
of between 15,000 and 20,000, 
while values as high as 33,000 
have been recorded. Further, 
it has a high electrical resis- 
tivitv, which is of value in 
keeping down eddy current 
losses. 

Since the initial announcement of the discovery of these 
high-permeability materials the addition of small or larger 
proportions of nearly all the known metals to the basic 
nickel-iron alloy has been patented in order to improve the 
properties in various directions. Special additions are cited 
for the purpose of deoxidising the alloys, or improving 
their uniformity, workability, or electrical resistance. A 
number of metals may be added to endow the alloys with 
special magnetic features such as constancy of permeability 
in varying magnetic fields. Cobalt is specially mentioned as 
lessening the hysteresis loss in the alloys, manganese as 
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diminishing the coercive force. Molybdenum is useful in 
increasing initial permeability, and in minimising the 
deleterious effect of strain on the alloys. The addition of 
copper narrows the range of variation of the permeability 
so that a more constant product may be obtained, and also 
renders the material more stable towards the effects of 
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Fig. 2.—p-H curves for annealed ** Mumetal”™ No. 6 and 
commercial silicon-iron alloy (O-O02-in. sheet). 


mechanical strain. Special additions are also made to 
render the alloys brittle, so that they may be crushed when 
they are required in the form of dust. 

Considerable care is necessary in the preparation, heat- 
treatment, and utilisation of the alloys in order to make 
the best use of their properties. They must be made 
from as pure materials as possible; the presence in the 
alloy of certain impurities such as sulphur and carbon 
being, in general, very detrimental. The heat-treatment 
may be varied to produce a high initial permeability, 
a lower initial permeability but higher maximum perme- 
ability, or a much lower but more constant permeability 
in weak fields. After heat-treatment the alloys are very 
sensitive to mechanical strain beyond the elastic limit, 
this causing a deterioration in the magnetic properties. 
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Fig. 4.—-Variation with nickel content of the flux de nsily in 
diffe rent fields. 





In addition to high-permeability values, these nickel- 
iron alloys have very low magnetic hysteresis and a low 
coercive force; forces and resultant flux are changed 
rapidly. Fig. 3, taken from the paper by Arnold and 
Elmen,'* shows hysteresis loops for ‘‘ Permalloy ’’ and 
annealed “‘ Armco”’ iron, carried to a maximum induction 
of 5,000 gausses, 
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Fig. 3._-Hysteresis loops for ** Permalloy’’ and annealed 
** Armco” iron, 


The appended table gives the magnetic properties of 
one of the Mumetal series of alloys, ** Mumetal 6,” as 
compared with silicon steel and pure iron :- 


*Mumetal Silicon * Armco ™ 
Oy Steel. Iron. 
Initial permeability ........ 15,000 14) 250 
Maximum permeability .... 80,000 6.500 5.000 
Magnetising force at max. 
gauss rer eT et re 0-025 0-75 1-2 
Maximum flux density, B. 
max. lines per square centi 
metre . : 7.000 16,000 20,000 
Remanence from B. max. lines 
per square centimetre .. $500 9.000 9,000 
Coercive force from B. max 
gauss ease deeeunas 0-025 0-6 O-s 
Hysteresis loss (B 5.000) 
ergs per cubic centimetre 
per cv le 46 550 1,000 
Resistivity, michroms pet 
cubic centimetre .... 45 55 lo 
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Fig. 5.—Variation of electrical resistance with nickel content. 


High permeability at low field strengths, combined 
with the properties just mentioned, has led to the use of 
the alloys for cores of current transformers, especially in 
precision instruments and meter work.?® Errors due to 
change of phase angle are considerably minimised. 

The alloys have also been utilised for the magnetic 
shielding of sensitive instruments such as galvanometers,!® 
while ‘“*Mumetal” shields have proved remarkably 
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efficient when used in radio transmitters to diminish 
interference and hum introduced by stray fields. Another 
interesting use is in audiphones, designed to aid the 
partially deaf. 

Within the whole range of nickel-iron alloys a very 
wide variation of magnetic and electrical properties is 
available. Figs. 4, 5, and 6 
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apparent, and opens up a wide field of possibilities for the 
higher frequency applications. It is of further interest 
in this connection to note that the value of the alloys is 
enhanced by their relatively high electrical resistance, 
a combination of properties which results in their having 
the lowest watt loss of any magnetic material. 





show how flux density, elec- 
trical resistance, and hysteresis 
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loss vary with nickel content. 
Thus, by judicious selection, 
alloys of very different proper- 
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ties can be obtained from this 
one series. For example, if 
high resistivity, combined with 
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high permeability, is desired, 
an alloy between 40 and 50°, 








GNETIC =~ 

































































nickel might be selected, where- iD 08 O4 A O4 O08 i2 

as if high resistivity and low | 7 

magnetic permeability are | MAGNE, TSENG os palin ass 

needed, the 30°, alloy could | y 

be used. , LT | 
For certain purposes the 

50°, alloy Ft. ciiiedtedine - VA ~~. | 

over that containing 78°, J | A | | 

nickel. It has a higher satur- ra — 

ation value, and over double SILICON STEEL | | 

the electrical resistance, while (| =| [| se A al | l 4 J 

it will be seen from Fig. 1 Fig. 7. Hysteresis loops of * Perminvar,” silicon iron and ** Armco” iron, 


that at magnetising forces 
between ©-OS and 0-32. gilberts per centimetre it has a 
higher permeability than either the 75°, alloy or pure iron. 
It will be seen from Fig. 6 that all the nickel-iron alloys 
» ht kel have very low 
hysteresis losses, while they also have low coercive forces, 
and it is of interest to note that the 36°, alloy known as 
“Invar,” which has a very low thermal coefficient of 
expansion, is being used in certain delicate relays where 
rapid ** make ” and © break” is important. Certain of the 
other allovs have been suggested for the pole pieces and 


containing between 35 and 75° 


diaphragms in telephone receivers. 

Mention has already been made of the use of special 
metals as additions to the alloys in this series for the 
purpose of conferring particular properties The alloys 
which are made up from the three magnetic metals, iron, 
nickel, and cobalt, possess particularly valuable properties. 
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Fig. i, Variation of hyste resis loss with nickel content. 


Cobalt is effective in reducing the hysteresis loss of the 
alloys, and it has been found that, with suitable composition, 
materials possessing a negligible hysteresis loss can be 
developed. These alloys, which are also characterised by a 
constancy of permeability at low field strengths, are known 
as the * Perminvars,”!? Fig. 7, taken from Elmen’s 
work shows comparative hysteresis loops for one of these 
alloys, silicon steel, and pure iron. The advantage of using 
the * Perminvar”’ type of alloy will at once become 


Alloys of this type, when suitably heat-treated, demon- 
strate the already mentioned feature of constant perme- 
ability. This property, however, can be controlled at will 
by suitable modification of the heat-treatment to which 
the alloy is subjected, and high-permeability characteristics 
can be developed under suitable conditions. 

Another alloy, known as “ Permax,’ ?® which is 
essentially a nickel-iron alloy containing additions of other 
metals, is produced by the S.A. de Commentary- 
Fourchambault et Decazeville, France. This material, 
although not possessing the high permeability of some of 
the alloys mentioned earlier, is said to be remarkably 
constant in certain of its magnetic properties—e.g., under 
fields varying from 200 gausses to 1-0 gauss the coercive 
force changes only from 0-48 to 0-45. 
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ome Recent Developments in 
Rolling Plant 


Special designs of rolling plant for dealing with alloys of greater strength 
than steel are discussed. 


HE rolling of ordinary steels, large quantities of 
| which are required, leads to the development of new 
rolling methods with the object of obtaining large 
output at lower cost : with non-ferrous metals and special 
steels, however, smaller quantities are required and the 
development of special equipment is not easy economically. 
The subject was discussed by Dr. W. J. P. Rohn, in a report 
on recent developments in rolling-mill equipment and 
practice, given before the London Section of the Institute 
of Metals, on November 12, at the Royal School of Mines 
He mentioned the two entirely different grot.ps in non 
ferrous metals: soft metals, like copper and aluminium 
and their alloys, and metals and alloys which are stronger 
than ordinary steel. This latter group include also some 
of the special alloy steels, such as high-speed steel and some 
heat- and acid-resisting steels. The quantity of these 
materials to be rolled is relatively small, vet their strength 
at rolling temperatures is frequently greater than that of 
ordinary steel. It is, therefore, necessary to inquire care- 
fully into new designs to determine whether they are 
likely to be an economical proposition. 

Dr. Rohn referred to metals and alloys like nickel and 
nickel-chromium alloys, which were usually cast into ingots 
weighing from 50 to LOOlb., and subsequently forged to 
l-in. rods prior to rolling. Because of the extreme hardness 
frequent reheating is necessary, which does not always 
improve the structure, and wrong forging may harm the 
material. He stated that rolling was the safer and’ quicker 
process. 

A cogging mill with grooved rollers 45 in. wide find 22 in. 
thick for working 9-in. ingots weighing 1,500 Ib. to 2,000 Ib., 
to 2}-in. rods, was described. Of the reversing mill type, 
operating at only 30r.p.m., it required up to 1,200 h.p. 
Hardened steel rollers of special alloy steel were fitted, and 
great care had to be taken to effect adequate lubrication 
of the water-cooled bearings, and grease under high 
pressure was applied. At 2}in. diameter the bars have 
a total length of about 80 ft., and this is cut into five or six 
pieces, which are subsequently reheated and fed to a 
continuous rolling mill of 41 stands, each one reducing the 
cross-sectional area 7$°%,, from 2}in. to }in. 

The design of this mill corresponds to that for a tube- 
reducing mill. The distance between two stands is 3 ft. 4in., 
and the rod is being worked in 18 to 23 stands at the same 
time when it reaches the outgoing end. The time occupied 
in passing the bar right through the mill is 90 sees., giving 
an output of about 2 tons per hour, an output large enough 
for high-grade special alloys. 

Should a similar mill be required for ordinary steel or 
a large production of non-ferrous metals, its speed may be 
increased five or six times by altering the gearing ratio 
between the motor and the shafts bearing the rolling rings. 
At the same time, the length of the bar can be increased 
three or four times, thus increasing the output from 
20 to 40 tons per hour. 

The power demand of this mill was shown diagram- 
matically, which indicated that, when running idle, the 
consumption is l0O k.w. In addition to this idle load, the 
maximum power for mild steel is only 120 k.w., whereas 
pure nickel needs 50°%, more, a 50-50 nickel-iron alloy 
100%, more. The diagram also showed that the power 


required to roll nickel-chromium heat-resisting alloys of 
various compositions was from four to seven times that 
needed for mild steel. In view of the high stress, Dr. Rohn 


emphasised the importance of preventing pulling or 
pushing from one stand to an adjacent one, because of the 
impossibility of constructing such a continuous rolling 
device strong enough to withstand such stresses. Pre- 
cautions are taken by driving every single stand by a 
separator motor, all of which are fed from one generator 
set of the Leonard type. These 41 motors are not of 
constant-speed type, but are compound wound, so as to 
reduce their speed 4 or 5°, if the torque increases by LOO°, 
of the normal load. Each stand is fitted with an overloading 
switch, which cuts out the excitations of the d.c. generator 
when one motor is overloaded for more than double its 
normal load for more than 7 sees. 

The first adjustment of this mill, Dr. Rohn stated, is 
very simple. Soft material like copper is used as a guide. 
[t is cut to a length of 500mm., and passed through one 
stand. The rolls are then adjusted to increase the length 
of the bar up to 538mm. Afterwards the piece is again 
cut to 500mm., and sent through the next pair of rolls. 
The speed of each roll is checked, and the number of 
revolutions counted. Whilst the first stand does 100 revs., 
the next one has to do 108, and so on. This is carried by 
shunt control. 

It is of interest to note that the first adjustment of this 
mill took only three hours. At first two mild-steel bars 
were passed through, but because of the small demand for 
power, nothing definite could be seen, and two bars of 
pure nickel were tried ; two stands only required adjusting. 
Subsequently, two nickel-chromium bars were fed to the 
mill, and two other stands were adjusted. This trial 
occupied about 40 mins., and the mill was immediately 
put on full operation, and nothing had to be altered for 
two vears. 

This remarkable degree of success was partly due to the 
care given to the bearings as well as to the lubricating 
system. The bearings are of forged bronze, and water 
cooled by seamless copper tubing, soft-soldered to the 
engraved grooves on the back of each bearing. The roll 
bearings are lubricated with castor oil, and the gear 
bearings with machine oil. An additional jet of filtered 
and cooled oil is fed to every toothed wheel. The rolls 
form simple hollow rings fitted to the ends of the shafts, to 
enable the whole set of rolls to be changed within 25 mins. 
without touching the bearings at all. The wear on the rolls 
is remarkably small, because they operate only on a 74°, 
reduction of area of the bar to be rolled. The results seem 
to indicate that it is an economical advantage to use a 
greater number of single stands in a continuous mill than 
is customary. It is important, however, that all are of 
standard shape and size, because repairs and replacements 
are thereby reduced. Dr. Rohn stated that this mill has 
now been working for more than five years without serious 
trouble, and the labour costs for rolling special metals of 
high strength at elevated temperatures from 24 in. to } in. 
has been reduced to one-third of 1%. 

The application of the principle of reducing the space 
between adjacent stands as much as possible, and preventing 
any looping or stressing of material between the stands 
in regard to cold rolling from }in. to smaller sizes and to 
strip rolling, was described. For rolling from jin. the 
rolling rings are made of hardened steel of special com- 
position, and are provided with four grooves, which are 
brought into position in succession. The application of this 
design to the rolling of wite was also described. 
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The Mandate and Economic Recovery. 

HE election of the National Government by the 

greatest majority ever known in the political history 

of this country is a remarkable indication of the 
manner in which the electors have been stirred by the 
financial crisis under which we are labouring. It must be 
remembered that in order to balance the Budget further 
taxation was imposed upon the electorate, in addition to 
an already heavy burden, far in excess of that borne by 
other nationals. Not only was taxation increased, but 
expenses were cut by reducing salaries as well as Unemploy- 
ment Insurance. To other nationals it must indeed be 
amazing that a Government which had attacked the pockets 
of the electorate to such an extent should be returned to 
power with a majority far beyond expectations. So greatly 
were the electors influenced, that over 90°, recorded their 
votes, surely unprecedented in a democratic country 

A great measure of this success was undoubtedly due to 
the leadership of the Prime Minister, and although there is 
every reason for gratification at the magnificent success 
obtained, the remarkable degree of trust placed in his 
Ministry will have a sobering influence, because it will be 
fully appreciated that this trust and confidence can only 
be maintained by action in seeking to overcome the 
problems that beset us. Palliatives have been tried from 
time to time and all have proved to be ineffectual in remedy- 
ing our difficulties. Instead of acting as a check the 
difficulties have been gradually increasing in’ intensity 
until the recent crisis, when our currency depreciated and 
we were forced to relinquish the gold standard. 

The primary task of the new Government is a balanced 
Budget. A nation or an individual can only borrow or 
draw on capital for a limited time; eventually a day of 
reckoning must come. Courageous action has already 
been taken to balance the Budget, and there is every likeli- 
hood that success will attend the efforts in this direction 
But a balanced Budget is linked up indefinably with a 
balanced trade. It is on industry that reliance is placed 
in meeting the commitments of the Budget, and the 
heavier the demands are the greater is the difficulty in 
meeting the needs of industrial reorganisation to enable 
workshops and factories to increase trade. The inability 
to effect a balance in trade is due to many causes, but more 
especially the world-wide industrial depression, the con 
tinuance of which has brought about a financial crisis which 
has shaken the whole world, and which has reacted upon 
our own currency. 

The problems have arisen largely as a result of external 
difficulties of which the most important are: the inability 
of debtors to fulfil their obligations ; the reduction in capital 
formerly held, and partly to interest being lower than under 
normal conditions of trade: and the effect of world trade 
on the services this country has been accustomed to render 
to other nations and the colonies. But it must not be 
assumed that no internal difficulties have contributed. At 
the conclusion of hostilities, the industrial plant and 
organisation in this country, as in other combatant coun- 
tries, was in a state of chaos. But while the nations on the 
Continent were forced to take action because many of the 
manufacturing facilities were destroyed, there was no such 
necessity in this country. In this way French and Belgian 
industries were completely reorganised and modern plant 
installed. Money was forthcoming in the form of loans 


or by reparations from Germany. The position in Germany 
was somewhat different ; the deflation in currency enabled 
industry to obtain cheap labour and materials, and, by 
borrowing a large amount of capital abroad, she was able 
to conform to the requirements of the Versailles Treaty 
and reorganise her industries to meet peace-time conditions. 

In this country we were under no such compunction, and 
conversion of factories and plant to normal conditions 
proceeded in a more haphazard way. With the exception 
of a few outstanding examples, complete reorganisation to 
the same extent as on the Continent was not attempted, 
with the result that, in a restricted market, British manu- 
factures suffered. Great Britain faced her responsibilities 
abroad too readily, and failed to give that attention to 
domestic problems which were of equal importance. The 
stabilisation of the pound imposed a severe strain on the 
financial structure, which prevented much reconstruction 
and new installations of plant. Other factors, however, 
have heiped to interfere with the economic stability of this 
country. Of these the most important are coal and 
shipping. Coal has been of vital importance for exporting 
purposes, and still is, but the demand for British coal is 
depreciating abroad, due to many causes: the increasing 
use of oil as fuel, for instance, and the greater use of water 
in generating power. The reduction in the use of coal has 
been a blow to our export trade ; not only has a loss been 
suffered in income for coal, which would have otherwise 
been sold, but it has meant a loss in earnings for transport. 

While industry can do much to assist in overcoming 
the present difficulties, the problems are essentially 
political, and the economies of Europe must be siraightened 
out and rationalised before this country can find the 
foundations for stable economic and industrial conditions. 
This is one of the objects for which the National Govern- 
ment received its powerful mandate, and no time should be 
lost in tackling this problem. But extreme care and fore- 
sight will be necessary in the consideration of all the 
problems before any steps can be taken to remedy the 
present chaotic condition. Although the need for rapid 
action is urgent, time will be necessary, and the Government 
are justified in asking for patience and co-operation. 

It is true that there are distinct signs of recovery in 
trade beginning to be seen, notably in steel and textiles, 
and in shipbuilding, too, the position is more hopeful, but 
this does not constitute a trade boom. Recovery in this 
country depends so much on the restoration of normal 
economic conditions throughout the world, and much 
requires to be done before this can be effected. That there 
is a brighter and more optimistic tone in industrial circles 
is important, but recovery is bound to be slow. Certainly, 
where financial facilities are available that make it possible, 
every effort should be made to install plant of the most 
modern kind in order that costs of production will at least 
compare favourably with those of competitors. 

The trade returns for October fail to show the effect of 
the fall of the £ on foreign trade. Slight increases are shown 
in both imports and exports, compared with those of 
September, and this may be taken merely as a seasonal 
expansion which usually occurs at this time of the year. 
The full effect of the currency depreciation will not be 
seen for some months: thus the degree of recovery in trade 
is somewhat vague at the moment, but the signs indicate 
a definite improvement which industry believes to be the 
turn of the tide 
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Thomas A. Edison. 


NDOUBTEDLY the most popular inventor known, 
[ Thomas Alva Edison died at his home in Llewellyn 
Park, New Jersey, U.S.A., on October 18. Born at 
Milan, Ohio, U.S.A., on February 11, 1847, he began work 
at the age of 12 as a newsboy on the railway, and very soon 
distinguished himself by setting up and printing on the 
train a little news-sheet. He became acquaimed with the 
elements of telegraph operating, and shortly afterwards 
began to invent a remarkable series of improvements on 
the then crude methods of electrical transmission, which 
revolutionised telegraphy throughout the world. The 
automatic repeater, the quadruplex and printing telegraph, 
and the sextuplex method of transmission followed in rapid 
succession. While still a young man, he set up an establish- 
ment largely devoted to experimental work in all branches 
of science. Here he brought to perfection the phonograph, 
the forerunner of the present gramophone. This alone 
brought him world-wide repute. His ingenuity also pro- 
vided the kinetoscope, from which was developed the 
cinematograph, and many other inventions which were 
practically fundamental. 

He discovered an electrical phenomenon which he called 
‘etheric force,’ which became the foundation of wireless 
telegraphy. His inventions included the mimeograph and 
the dictograph as aids to business : the carbon telephone 
transmitter, the microphone, the electric incandescent 
lamp, and he did much in developing machinery for 
generating electrical energy. Altogether, about 1,000 
patents have been granted to him for his inventions, and 
he was honoured by numerous scientific bodies and uni- 
versities. During the war his ingenuity was directed in 
other channels, and among some major problems on which 
he worked as President of the Naval Consulting Board, he 
designed benzol and carbonic-acid producing plants on a 
large scale. The range of his inventions is such that he has 
left his mark on nearly every branch of science. Many 
of them, such as the kinetoscope and phonograph, have 
resulted in the creation of entirely new industries and 
methods of thought and news distribution, while his 
improvements in telegraphic methods of communication 
may be compared with those of wireless due to Marconi. 

Although a simple, unaffected man, he had remarkable 
powers of concentration. His numerous contributions to 
the comfort, welfare, and general progress of mankind will 
gradually increase in value as they are developed, and the 
name of Edison will continue to be appreciated in years to 
come as the great inventor he is known to-day. 


FORTHCOMING MEETINGS. 
INSTITUTION OF MECHANICAL ENGINEERS, 
Nov. 20. General meeting. Sixth report of the Marine Oil- 
engine Trials Committee will be presented by Eng. 
Vice-Admiral Sir Geo. G. Goodwin, K.C.B.. 
LL.D., Hon.M.1.Mech.E. 
Nov. 27. Informal meeting. Discussion on “* Wire Ropes, 
Their Selection and Use.” to be introduced by 
Dr. W. A. Seoble, M.1.Mech.F. 
CIRADUATE SECTION. 
Nov. 23. ‘ Mechanical Solution of Rigid Frames,’ by L. A. 
Beautoy, B.Se. 
ROYAL AERONAUTICAL SOCLETY. 
Nov. 19. “ Aireraft Vibration,” by H. Constant, of the Royal 
Aircraft Establishment. 
WEST OF SCOTLAND IRON AND STEEL INSTITUTE. 
Dee. 11. “ Boiler Corrosion,” by G. Ness, 
INSTITUTE OF MARINE ENGINEERS. 
Nov. 24. ** The Work of Akroyd Stuart and the Development 
of the Oil Engine in which it is carried on,” by 
Alan E. L. Chorlton, C.B.E., M.P. 
NORTH-EAST COAST LNSTITUTLON OF ENGINEERS 
AND SHLPBULLDERS. 
‘Some Measurements of Ship Vibrations,” by F. H. 
Todd, B.Se., Ph.D. 
Dec. 11. “Improved Marine Steam Reciprocating Engines : 


Nov. 27. 


Does their Performance Justify their Cost ? 
Introduced by J. N. Hendry. 
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INSTITUTE OF METALS. 
BIRMINGHAM SECTION. 

26. ‘‘The Casting of Tough-pitch Copper,” by W. 
F. Brazener. 

10. ** Pulverised Fuel,’ by R. Jackson. 

LONDON SECTION. 

10. * Deoxidisers and Fluxes’ (Joint meeting with 
the Institute of British Foundrymen), by G. L. 
Bailey, M.Sc. 

Nortu-East Coast SECTION. 

8. “Industrial Heat-treatment Furnaces,”’ (Joint 
meeting with Society of Chemical Industry), by 
J. y Lowe. 

SCOTTISH SECTION. 
14. ‘“* New Alloys in the Brass Foundry,” by J. Arnott. 
SHEFFIELD SECTION. 
1. “The Technique of Enamelling,”? Sidney Wilkinson. 
SWANSEA SECTION. 

8. “Use of Cast Iron in the Non-ferrous Industry,” 

by A. L. Norbury, D.Se. 


INSTITUTE OF BRITISH FOUNDRYMEN. 


BIRMINGHAM, COVENTRY, AND West MIDLANDS BRANCH. 


Dec. 10. ** Modern Application of Sand Blast Plant,” T. 
Fearnley Allen, Birmingham. 
East MiIpLaNpDs BRANCH. 
Nov. 21. ** High Duty and High Test Cast Iron,” H. J. Young, 
London. 
Dee. 12. 1. ** Cast Iron from the Ore to the Casting,” P. A. 
Russell, B.Se., Leicester. 
II. Discussion on Papers given on September 26, 
October 24, November 21. and December 12 (at 
Nottingham), 
LINCOLNSHIRE SECTION. 
De 5. * Practical Work in a Jobbing Foundry,” A. Sutcliffe, 
Bolton. 
LANCASHIRE BRANCH. 
Dec. 5. * Silicon as an Alloying Element,” by J. Arnott. 
ALL. 
BURNLEY SECTION, 
Dee. 10. ** Modern Foundry Practice and Developments,” 
J. Masters, Shrewsbury. 
LONDON BRANCH. 
Nov. 19. “‘ Manufacture of Pig Lron in Relation to the 
Foundry Industry,” John Crawford. 
Dec. Tl. Annual dinner. 
MIpDLESBROUGH BRANCH. 
Dec. 4. ‘ The Italian Foundry Congress and Some Impres- 
sions of Italian Foundries,’ T. Makemson, General 
Secretary. 
NEWCASTLE-ON-TYNE AND District BRANCH. 
Nov. 24. Discussion: “* Coke for Foundry Purposes,”’ opened 
by FE. M. Myers, M.1L.Chem.E. (Joint meeting with 
Coke-oven Managers’ Association.) 
Dec. 12. ‘* Heat-resisting Alloys,” J. Ferdinand Kayser, 
Shefttield. 
ScOTTISH BRANCH. 
Dec. 12. Afternoon: ** An Engineer's View of the Foundry,” 
Henry Gardner, M.I.Mech.E. 
Evening : Annual dinner. 
SHEFFIELD AND District BRANCH. 
Nov. 20. “ Further Experiments with Air and Oil-hardening 
Cast lrons.”’ J. E. Hurst, Chesterfield. 
Dec. 18. * The High-frequency Furnace and Its Use for 
Making Steel Castings,’ T. R. Middleton, Sheftield. 
Dec. 19. Visit to North Regional Station of the B.B.C., 
Moorside Edge (Saturday). 
WALES AND Monmoutu BRANCH. 
Nov. 21. ** The Microscope in Metallurgy,” Professor A, A. 
Read, D.Met., F.1.C. 
Dee. 12. ** Foundry Work in India,” G. Morgan. 
West RipinGc OF YORKSHIRE BRANCH. 
Dec. 12. General discussion on Foundry Problems. 
MANCHESTER METALLURGICAL SOCIETY. 
Nov. 18. “Heat Treatment and Forging of Light Aluminium 
Alloys,” by W. C. Devereux, Managing Director, 
High Duty Alloys, Ltd. 
Dec. 2. ** White Heart Malleable Iron,” by Mr, Blades, of 


Malleable Lron Co. 
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Correspondence. 
The First Metallography. 


The Editor, METALLURGIA. 

Dear Sir,—In re-reading your leader in the October issue 
dealing with the microscope and the investigation of alloys, 
there are two statements which appear to me to be open 
to doubt, and which | would be obliged if you could further 
elucidate. You claim that the microscope was applied to 
metallurgical investigations as far back as 1722, and it 
would be interesting to many of your readers to know 
more about this, particularly as I find myself committed 
to the statement published in 1912 that the use of the 
microscope for the examination of metals was first suggested 
by Dr. Sorby in 1864 in a paper he read before the British 
Association in that year. No attention was paid to this 
for 22 years, but in 1875 the Iron and Steel Institute re- 
quested him to take up the matter again, which he did in 
conjunction with Dr. Percy and Sir Henry Bessemer. The 
second point is that you state the microscope for illumina- 
tion by ultra-violet light depended upon the discovery of 
the way to make lenses from * molten” quartz. The real 
discovery was that lenses moulded from quartz which had 
been completely melted was nearly as opaque to ultra-violet 
light as the ordinary lenses made from flint and similar 
glasses. What the Zeiss firm made their condensers, prisms, 
and lenses from in the first ultra-violet light microscope 
issued by them in 1906 was from moulded quartz which 
had never been made molten, but merely plastic enough to 
be squeezed into shape, and thus the necessary refractive 
index maintained, which was lost when the material was 
fully melted and then cast and cooled prior to polishing 
There was also great trouble experienced due to internal 
stress in the cast material, which sometimes developed 
fissures or flaws comparable to those observed in the 
mineral as found in nature, whereas the shapes moulded 
from the plastic quartz were absolutely free from these 
defects. It may seem only a slight variation to mould a 
plastic material instead of moulding a molten gne, but 
the practical difference was in this case found to be a very 
material one.—Yours truly 

J. S. GLe~x PRIMROSE 

Manchester, November 12, 1931. 


[The reference to the microscope being applied to 
metallurgical investigations is given in the revised 
edition of the work by Sir W. C. Roberts-Austen, entitled 
* An Introduction to the Study of Metallurgy The author 
states that “‘the microscope was first applied to the 
examination of iron, and the first records go back to 1722. 


when Réaumur described the structure of a chilled casting 
under the microscope, and traced the changes of softened 
cast iron as modified by the elimination of impurities.” He 
further stated that “* Francois, as early as 1832, took the 
interesting case of the direct reduction of iron from its 
ores, and followed the successive changes by the aid of 
the microscope.” The following passage, quoted from 
Francois will be of special interest : “* If to these analytical 
data observations under the microscope with a magnifica- 
tion of 300 to 400 diameters be added, it is seen that 
ordinary iron is merely a metallic network with a close- 
grained tissue, with submerged scoriaceous opaline, some- 
times sub-crystalline, portions, and with little globules and 
metallic grains ranged in every direction. Sometimes 
nests of translucent prismatic and bacillary crystals, with 
metallic portions adhering, are noticed hidden in the paste. 
These are the grains of steel which can be made to disappear 
by heating.”’ 

In regard to the second point which Mr. Primrose raises, 
it is undoubtedly due to the discovery of moulded quartz, 
not molten quartz, that further development in microscopy 
was made possible, and we are indebted to Mr. Primrose 
for pointing out this error in the leaderette mentioned. 

EpITor. |] 
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TENTATIVE STANDARDS, 1931. 
A.S.T.M. 


Tuts book of 1,008 pages contains 180 tentative specifica- 
tions, methods of test, definitions of terms, and recom- 
mended practices in effect at the time of publication. The 
term “ tentative ” applies to a proposed standard published 
for one or more years, with a view of eliciting criticism, 
before it is formally adopted as standard by the Society. 
In this book there are 44 of the tentative standards relating 
to metals and 136 to non-metallic materials and products. 
Although these tentative standards are in the trial stage 
of A.S.T.M. procedure, they represent the latest thoughts 
of the committees on these specific subjects, and therefore 
are being applied in many industries. Many of the tentative 
standards are frequently used in conjunction with the 
A.S.T.M. standards. 


The volume contains a comprehensive subject index 
and a table of contents which lists, under the various 
materials covered, the respective standards. In addition, 
a complete list of all the standards and tentative standards 
of the Society in effect on September | is included, 

The 42 new tentative standards which have been 
developed this vear are included. In the ferrous metals 
group are specifications for structural steel for ships, 
heat-treated carbon-steel helical springs, carbon-steel 
forgings, and normalised and tempered alloy-steel forgings 
for locomotives, various types of steel pipe, including 
electric-fusion-welded, — electric-resistance-welded, — forge 
welded, and lock-bar steel pipe. There is also a tentative 
specification for riveted steel and wrought-iron pipe. 
Specifications involving non-ferrous metals — include 
magnesium-base alloy castings, copper-base alloys in ingot 
form for sand castings, aluminium-base and = zine-base 
alloy die castings. 

In the non-metallic materials field there are specifications 
for sand for use in lime plaster: gypsum wall board, 
gypsum lath and sheathing board. There are many new 
important standards in the concrete field, including con- 
crete aggregates and several methods of curing Portland 
cement conerete slabs. Tentative methods of test are given 
for apparent specific gravity of coarse aggregates in a 
saturated condition, structural strength of fine aggregate 
using constant water-cement-ratio mortar and tests for the 
soundness of fine and of coarse aggregates by use of sodium 
sulphate. 

The building industry will be especially interested in 
specifications and tests for load-bearing concrete masonry 
units. New specifications in the preservative coatings field 
include specifications and tests for soluble nitro-cellulose 
and acetone. There is a tentative method of test for vapour 


pressure of natural gasoline (Reid method) 


The tentative specifications for insulating materials 
involve insulated wire and cable, 30°, Hevea rubber, 
tolerances, and test methods for silk and cotton tapes, and 
methods of testing varnishes used for electrical insulation. 
There is a “‘ tentative’ test for laminated sheet materials 
and one for comparing the thermal conductivities of solid 
electrical insulating materials. 

Rubber products involved are cotton rubber-lined fire 
hose, steam hose, and rubber pump valves. There are 
several tentative specifications involving textile materials, 
such as tolerances and test methods for rayon, enamelling 
duck for the tyre industry, and Chafer tyre fabrics. 

In addition to the Tables of Contents, a complete 
subject index appears at the back which provides a very 
convenient means of locating any tentative standard 
appearing in the volume, especially if only the general 
snbject matter is known. 

Copies of the book of * A.S.T.M. Tentative Standards = 
may be obtained from headquarters of the Society, 1,315, 
Spruce Street, Philadelphia, Pa. The price is; Paper 
binding, $7-00; cloth binding, $8.00. 
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Metallography 


METALLURGIA 9 


with Polarised 


Light 


By a. S. G. Primrose, A.R T.C.,, ALM.M., 


The writer discusses the polarise d light colour photo-m icrogra} hs by Proje ssor Schwarz published in 

our last issue, and gives a description of the first Reichert polarised light microscope for metallographic 

work exhibited in this country at the meeting of Manchester Association of Engineers on 26th October, 

1928. Details of the construction and operation of the Reichert opaque illuminator for incident, as 

contrasted with transmitted polarised light are given, and some further fields for the use of the 
apparatus are indicated, 


HE very interesting work reported by Professor 

Schwarz in the last issue of METALLURGIA brings out 

very clearly the possibilities of renewed lines of 
attack upon some of the unsolved problems of meital- 
lography. That the ordinary white light used for the 
illumination of opaque objects, such as polished and etched 
metal surfaces, does not reveal many of the characteristics 
which, it is desirable to know, have for long been realised, 
and the early attempts to utilise the shorter wave-lengths, 
such as the ultra-violet light used by the writer in his 
research at Freiberg in 1907 in collaboration with Friedrich, 
did not even then do much more than elucidate the correct 
shapes of some of the finer forms of eutectic structure, and 
reveal slight differences of concentration in certain solid 
volutions which had not previously been known. It was 
not until 1926 that it was possible to draw attention to the 
work which had been going on in America tor over twenty 
vears,’ and it had been due chiefly to the original work of 
Professor W. Campbell, who showed that, with a sufficiently 
powerful ray of incident light, it was possible to use 
polarised light for incident or reflected, instead of the usual 
form of transmitted illumination as used by the geologist 
for transparent micro-sections. The great advance thus 
made possible was due to the fact that it was not necessary 
to etch the carefully polished and absolutely scratch-free 
surface of such metals as zine, cadmium, and magnesium, 
in the hexagonal system, tin in the cubic system, or 
bismuth and antimony in the rhombic system: as these 
are anisotropic when in the stress-free condition, and thus 
show up clearly under polarised light. When, however, an 
isotropic metal is rotated under crossed Nicols, it shows no 
changes of colour, but when any of the crystal grains have 
been internally stressed, this throws them into an aniso- 
tropic state, which shows up their structure when the 
microscope stage is rotated. his is naturally on the plane 
polished, and unetched, surface of the metal, bat when 
polished aluminium surfaces are etched with strong hydro- 
chloric acid, quite marked polarization effects are seer under 
the crossed Nicols. The reason for this is not vet clearly 
understood, although it is more than likely to be due to the 
stepped orientation remarked upon by G. Sachs,? and 
diagrammatically represented in Fig. 1. 

The writer had the privilege of demonstrating the first 
inclinable form of metallurgical microscope sent to this 
country, fitted with polarised light equipment, to the 
Manchester: Association of Engineers three years ago,® and 
it may be of interest to show an illustration, Fig. 2, of the 
microscope then described for the very purpose which 
Professor Schwarz has so admirably described and_ illu- 
strated, Two colour photo-micrographs were then ex- 
hibited to show the identical spot of polished remelt copper 
in which copper oxide was present. The blue-grey of the 
oxide inclusions revealed under the ordinary white light 
sources of illumination were indistinguishable from any 
copper sulphide which might be present, but the use of 
crossed Nicols revealed the transformation of the oxide 

a 
1 Metal Industry, vol. xxix., 627, December 31, 1926, 


” Zeit. fur Metallkunde, vol. xvii., 294, September, 1925 
3 “ Proceedings Manchester Assoc. of Engs.,” vol. 1928-9, 


colouration to deep blood-red, the inclusions occurring in 
the same relative positions. It is remarkable that in Figs. 
2 and 3 of Schwarz, the (wo colour photographs are mirror 
images of one another, and some reversal appears to have 
taken place to account for this. The inclusions of tin 
oxide in remelted phosphor bronze are equally remarkable 
in the clarity of their colour reproduction, especially when 
they appear hardly discernible under the ordinary white 
light vertical illumination. 


Illuminator for Polarised Light. 

As the method of operating to effect the study of polished 
metal specimens, which are termed slides in Schwarz’s 
paper, and thus apt to be misunderstood, using the 
polarised light microscope for the various means of illumina- 
tion, perhaps a short description of the constructior. and 
some practical details might be of interest to those who 
may feel interested enough to try this very promising 





Fig. 1 Diagrammatic section of aluminium specimen deeply etched 
with hydrochloric acid and shou ng polar isation effects. 


method of gaining fuller information, particularly of solid 
non-metallic inclusions, sometimes called ‘* Sonims ” when 
applied to steel. The microscope itself should have the 
usual metallographic fittings, which enable the body tube 
and the stage to be moved along the direction of the stand, 
which is preferably of the inclinable rather than the rigid 
upright type. A further modification is advisable in the 
provision of a rotating stage provided with circular calibra- 
tion and a vernier, if possible. The usual transverse 
movements should also be available. The main part of the 
new equipment consists of an opaque illuminator, which 
can be used with both incident polarised light and non- 
polarised light. This illuminator consists of a long horizon- 
ial tube at one end of which is fitted the source of light, 
which may conveniently be a low-voltage lamp for visual 
examinations, but which is replaced by a low-voltage 
bulb (6.v. Samp.) or a small are lamp when it is desired 
to take colour photographs. 

Fig. 3 shows a section of the arrangement with the 
various optical components numbered as follows : No. 1 is 
the clamping screw which ensures secure fixing of the 
illuminator to the body tube of the microscope, thus 
enabling a firm seating to be effected and a correct align- 
ment of the sleeve ring. No. 2 is the spring forceps which 
engages the objective 3, so as to reflect the light vertically 
through it on to the micro-specimen 4, by means of the 
right-angled prism 5. The light from the source is plane- 
polarised by its passage through the Nicol prism polariser 6, 
held in position by the clamping ring 7, used for removing 
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the prism when ordinary white non-polarised light is 
desired for illumination 

The lens 8 focuses the light from the filament of the 
electric-light balb 9 on to the face of the Nicol prism. The 
open end of the illuminator tube is fitted with the mount 10, 
earrving the balb which is screwed into it, and connected 
to the flex 11, bringing the current from two accumulator 
batteries or three wet cells in series, if other sources of 
current are not available, through a suitable resistance. 
The main precaution is to get the filament horizontal, and 
this is secured when the adjusting screw 12 is exactly on 
the top, and the stop-serew fitted underneath engages the 








corresponding groove on the edge of the plated illuminator 
tube. If there is a slight eccentricity in the position of the 
filament of the lamp when in the holder, this may be 
overcome by lightly pressing the lamp into the central 
position The moving pin 13 serves to open and close the 
uperture of an iris diaphragm when employing a small 
are lamp for lighting, in which case a water cell for cooling 
and the filter 14 must be used to prevent any damage to the 
Nicol prism, which is extremely sensitive to heat. Grea 
care must also be taken when removing the polariser by 
means of the little pin 15, which also serves to rotate it 
through 90° when attaining the crossed Nicols effect. In 
order to remove the prism, the clamping ring 7, with a lef: 
hand thread, is lifted and the pin 15 used to remove the 
Nicol prism, which must be put in a safe place, to avoid 
damaging the sensitive end faces, which must not be 
scratched if they are to be of any use. Any dust gathering 
on them must not be removed by rubbing, but only by 
brushing with a clean soft-hair brush. In the opening thus 
formed a short piece of tubing supplied with the illuminator 
must be inserted in place of the Nicol prism, and secured 
by means of the locking ring when natural non-polarised 
+ ht is to be used. For certain polarising effects, the 
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relation of the colourings may be conveniently altered by 
inserting a red gypsum slide through the narrow opening 
17, in the body tube just below the analysing Nicol prism 18, 
which must be secured truly axially in the tube to convey 
the reflected light from the polished metal surface to the 
eve-piece. When transmitted light is desired, it is possible 
to rotate a knob on the outside of the short vertical tube 
of the illuminator and thus throw the prism 5 out of the 
path of the light rays from the source 9. 


Method of Using Illuminator. 


When it is desired to fit the illuminator on to a micro- 
scope tube, it is advisable to remove the latter from its 
stand and detach any objective holder which may be 
attached to it, in order to screw on the illuminator. To 
do this, hold the long tube with the lamp end towards 
the left, and hold the knurled ring between thumb and first 
finger, to prevent it from turning. The body tube should 
now be serewed by the right hand in a clockwise direction 
seating it well home on the illuminator. The screw 1 of the 
clamping ring of the illuminator should be raised, and the 
tube turned so that the rack is towards the operator, and 

he plane of the rack and tube axis is perpendicular to the 
long tube of the illuminator. The spring catch 16 on the 
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clamping sleeve is now snapped into position, and the 
lock-serew | tightened up. In this formation the tube 
is inserted into the stand of the microscope, when the 
illuminator will be on the left-hand side and exactly at 
right-angles to the plane of symmetry of the microscope. 

Some little care is needed to ensure the correct and uniform 
illumination of the micro-specimen, and for focusing, after 
the first rough adjustment of the body tube to suit the 
power of the objective used, only the object stage and not 
the tube must be used. After the image has been focused 
uniform lighting of the specimen is attained by pivoting 
the prism 5 by means of the knob on the short vertical 
tube. Ii the filament of the lamp is too close, a blue 
colour will appear in the middle of the field of view, and 
conversely a red coiour if the lamp is too far off. If one 
edge next to the observer is cut off, the light source must be 
moved slightly to the right, and if the outer edge is 
vignetted, then the light must be moved left. The right- 
hand edge may be segmented, which shows the lamp must 
be raised, and when the left edge is curtailed the lamp 
should be lowered. To complete the adjustment, it is 
useful to take out the eye-piece and look down the tube, 
when a reflected image of the lamp filament is visible in 
the middle of the uncovered half of the objective aperture. 
lf this is not so, then the lamp must be moved by the 
screw 12. The lamp filament image is parallel to the edge 
of the illuminating prism 5, or if not, it is made to be so 
by turning the lamp-holder 10 until the desired position is 
attained. In order to centre the objective each time it is 
changed, any striking portion of the specimen is brought 
into the centre of the view field, preferably on the inter- 
section of cross-wires in the eye-piece, and the motion of 
this particular point is watched when the microscope stage 
is rotated. By means of the screws on the stage tube, the 
centre of rotation of the stage is made to coincide with the 
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centre axis of objective, so that the spet on the specimen 
either remains exactly on the cross-wires intersection, or 
else describes a small circle round it. The whole field of 
view must be uniformly lighted, and free from bright spots. 
lf it is not, then it is necessary to re-check the position of 
the lamp and then adjust the screw 12 again, if necessary. 

When polarised light is to be used, the analyser must be 
pushed into position and the polariser rotated by means 
of the pin 15 until it almost reaches the limit mark, so as to 
ensure total darkness in the field of view. With crossed 
Niccls bright patches occur at anisotropic parts of the metal 
surface when the stage is rotated. By inserting a red 
gypsum slip in the slit 17, at the lower end of the body tube, 
the bright patch is replaced by a sudden change of colour. 
Scratches on the metal surface have a disturbing effect. 
giving bright spots, due to the edges producing a diffraction 
grating polarisation. Varying degrees of brightness may 
also occur, due to the surface of the micro-specimen 
taking up an oblique position, so that the mounting of the 
sample must be carefully attended to in order that the 
face is set truly ai right-angles to the optical axis of the 
micros ‘ope. It is also well to ensure that the objectives 
are of the right sort, since they must be perfectly free from 
stains, or colour effects will be produced. They must be, 
in short, mounts suitable tor use with the prism 
illuminator, and be corrected for use without 
cover glass. It is best to have them provided 
with a ring and grip for inserting securely in 
the objective spring tongs. In order to insert 
the objective, hold it by the knurled edge of 
the plated ring, then lift the tongs holder, and 
insert the objective slightly aslant. and then 
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sulphide, but an analysis of any particles large enough to 
enable this to be done shows that they are more likely to 
be constituted of admixtures of iron sulphides and silicates 
as well. This point can often be settled most conclusively 
by the polariser, and even such a debated point as to 
whether a steel has been made by the acid or basic open- 
hearth process, should be readily settled by the nature of 
the tiniest slag inclusions, which are rarely completely 
absent in any steel. The basic phosphate nature of a slag 
inclusion would almost certainly preclude the possibility 
of it having been made on an acid hearth, where the 
phosphoric content of the charge is not readily passed into 
the slag. Further, there is quite a field for the investigation 
of many alloys, which are not always clearly defined under 
any of the selective etching methods used with white light 
illumination. The case, which is typical of many, may be 
quoted of the peculiar eutectic alloy which occurs in nature 
as Allemonite, which is definitely ot the composition As,Sb 
and the perfectly polished surface of this mineral clearly 
defines the two micro-constituents when examined under 
polarised light, and the crystal orientation of each con- 
stituent is shown to be identical. 

The microscope usually recommended for this type of 
work is the inclinable stand, but there is no real reason 


Be. 2 Specimen, 
= ‘ 
Pam a Obyective. 4ns Diaphragms, 


lrism— oo. .- SS tL AL 2 
Aarne | <2 | } | il 


seat it straight and firmly without any play on , Lam 
the ring provided for it. The knurled grip --Xy oN: +--+} ------Retlecting 


should be approximately at right-angles to 
the opaque illuminator. 


Polarised Light Micrography. 

When taking photographs it is necessary, to make sure 
of good results on the autochrome plate, to use a small 
are lamp and withdraw the lamp-holder 10. The lamp 
should be fitted with a lens to give a parallel beam, and the 
extra focusing lens inserted into the tube of the illuminator. 
Between the lamp in front of the microscope and the 
illuminator a water-cooling trough must be placed, to 
avoid heating the Nicol prism. The following precautions 
are useful: First ensure that the tube carrying the lens is 
perfectly horizontal and at right-angles to the opaque 
illuminator. The lamp ought to be raised so that the 
pencil of rays impinges centrally on the illuminator, and 
the distance of the lamp must be adjusted until the 
narrowest contraction of the luminous pencil is at the spot 
where the filament of the low-voltage lamp would be, as it 
is exactly there that the image of the crater of the horizon- 
tal carbon of the are must be projected. 

To sum up the chief points enumerated above to use 
polarised light, the opaque illuminator must be adjusted 
to be perpendicular to the plane of symmetry of the 
mic roscope, and there secured by the catch 16. The 
micro-specimen must be free from scratches and be 
mounted exactly at right-angles to the axis of the micro- 
scope. The objective, free from stains, in a short mount, 
and corrected without cover glass, must be well seated in 
the forceps of the holder. The lamp filament must be 
horizontal, the reflecting prism set centrally, the rotation 
pin 15 of the polariser set to the index mark, and the 
lighting system properly centralised. After focusing the 
image, the objective or rotating stage is centralised, and 
then the analyser is inserted. 

In addition to the observation of non-metallic inclusions 
in non-ferrous metals, it has been suggested that there is a 
very wide field for the investigation of slag inclusions in 
steels by means of polarised light. Thus, there is great 
controversy as to the constitution of the so-called sulphide 
inclusions, which are generally assumed to be manganese 
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Fig. A Diagram of polarised light attachment to inverted 
need rusco pe, 

why the newer forms of inverted stand may not be adapted 
for this work. A diagram of the arrangement due to 
Guthrie? as far back as 1923 is shown in Fig. 4, and it is 
possible in this way to achieve the changing of the differ- 
ently oriented grains by rotation, as if oblique illumination 
with white light were used. Of course, quite high magnifi- 
cations up to 1,000 can be rendered useful in this way 
which would not be possible with the ordinary oblique 
lighting. One recommendation due to Guthrie is note- 
worthy. It is to the effect that it is only with a relatively 
snall beam of light entering the polariser chat it is possible 
to get complete extinction of the light when the Nicols are 
crossed, li the beam is large enough to fill the back glass 
of the objective combination, it is not possible to produce 
a totally dark field by the rotation of the analyser, but 
at the most the field only changes colour. , 


Aluminium Intelligence Bureau. 

The Intelligence Organisation of the British Aluminium 
Company was formed to act as a central clearance house and 
reference bureau for the light metal industry. It collects 
information from all sources on matters appertaining to the 
production and working of light metals and alloys (designated 
under the generic term of light metals), and to their utilisation 
in industry throughout the world, all such information being 
filed for future reference under a comprehensive system of 
intelligence files. 

Two journals are issued, Light Metals Research and 
Aluminium Broadcast, on alternate weeks, in which the more 
important part of this data is summarised and commented 
upon. The former contains data on the producticn and work- 
ing of light metals, and goes to production engineers and 
research workers within the industry, while the latter is 
devoted to applications of light metals in industry, and goes 
to development engineers and sales offices. Copies of both 
of these journals may be consulted at the offices of the Science 
Museum, Patent Office, the Institute of Metals, and the 
Institution of Chemical Engineers. 


4 Trans: Amer. Soc. for Steel Treating, vol. iii., p. 710, April, 192% 
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Welding in Boilerworks Practice 


Improved technique in the application of welding to a wide range 
of work is discussed. 


HE development of welding in the manufacture of 
Lancashire and Cornish boilers was discussed by 
Messrs. E. W. Thompson-and A. Jeavons before the 

Institution of Welding Engineers at Birmingham on 
November 13. During the early stages of manufacture, it 
was stated, the internal flues were constructed with lap- 
riveted joints, but owing to the excessive heat this resulted 
in overheating and continuous trouble was experienced 
with leaky joints: then welded lap joints were introduced 
to take the place of the riveted joints: this was a great 
improv ment, and enabled pressures to be increased with 
safety. When water-gas welding was introduced, lap 
welding by this means was further improved, but even then 
it was not thought possible to weld plates by the lap- 
welding process more than l!in. thick, and over this 
thickness plates were welded by the butt-weld process. 
Then the hydraulic roller welding machine was introduced 
after many experiments, and the water-gas method of 
heating was improved. Bending rolls of large capacity and 
furnaces for annealing and normalising were installed, which 
enabled still further progress to be made, and now it is 
possible to weld drums of one or two plates of 2 in. to 3 in. 
in thickness. 

A detailed description of the procedure of welding on 
one of these water-gas welding machines is of interest 
The plates for the flues or drums to be welded are first 
bent to a circular shape in the rolls and then placed on a 
movable carriage in a trench below the arms of the welding 
machine. The burners consist of a mixing chamber about 
I8in. long where the gas and air unite; this is formed of 
refractory material, which has a long slot along its base 
from which the flam> emerges. The flame is brought to 
bear on the portion to be welded, and the temperature 
of the metal is slowly raised to approximately 2,300° to 
2,600° F. The working heat range for satisfactory welding 
can be definitely controlled as the temperature is gauged 
by an optical pyrometer, so that no burning of the steel is 
possible during heating 

As soon as the steel has reached the required temperature 
the hydraulic rollers are brought into action, and the 
welding is rapidly completed before the temperature has 
been reduced below the plastic stage. This type of welding 
has been used for many years now for boiler flues, and 
perfect welds can be made with this process. After welding 
a great number of the flues are corrugated and flanged, and 
this in itself is a severe test on a weld. 

The same process is used in the manufacture of welded 
receivers and pressure vessels, and in these cases, after 
welding the longitudinal seam, the cylinder is heated in the 
furnace and rolled to a true circle. After rolling, the edges 
being machined to the required angle for the weld, the ends 
are passed to the welding shop, where they are welded to 
the body of the drum. When the whole of the welding is 
completed, the drum or vessel is taken to the annealing 
furnace and heated slowly to a temperature of about 
900° C., at which temperature it remains for about 15 mins., 
when it is quickly removed to the open to be allowed to 
cool; it should, however, be protected from draughts. 

The importance of correct annealing in the production 
of a satisfactory welded vessel was emphasised. With 
some awkwardly shaped vessels which may be electrically 
welded, particularly with large receivers, distortion at these 
high annealing temperatures may occur, in which case a 
temperature range from 580°C. to 650° C. will be high 
enough to remove all strains which are set up, either in the 
bending of the plate itself or in the welding. 


Welding plays an important part in the manufacture of 
many products of boilerworks, including flues, drums, 
pressure vessels, chemical receivers, buoys, chemical 
mixers, calandriers and driers, annealing covers, and 
galvanising baths, ete. Reference was made to the con- 
struction of an experimental water-tube boiler drum, the 
ends and longitudinal seams of which were water-gas 
welded. In this country it is not possible at the present 
time to use welded drums, owing to the regulations and 
attitude of the insurance companies. On the Continent and 
in America, however, they are being used extensively. 
Tests on these drums showed that with ordinary seams 
the desired test pressures were not possible without undue 
leakage about the rivets, and welding was considered 
necessary 

The test pressure was taken to nearly 1,300 Ib. per sq. in., 
a factor of safety of nearly 5. The welded seams were 
absolutely perfect. This in itself demonstrates the suit- 
ability of welding for boiler drums, but apart from the 
ability of withstanding the pressures, there are other 
advantages in favour of welded drums. One of these 
advantages is that welded drums almost completely 
eliminate the chance of caustic embrittlement. This 
trouble is due to particular feed waters, but only takes place 
where leakage occurs and allows concentration between 
the butt-straps and the plate. It is also more likely to 
occur where strains have been set up during manufacture 
These are both far more likely to occur with a riveted joint. 

To avoid riveted seams the only other alternative is to 
have forged drums ; these are both heavy and costly, and, 
except for the very high pressure, a welded drum would 
be preferable. A rough idea of the relative costs of welded, 
riveted, and forged drums may be interesting: these 
figures are only approximate, but they serve as a guide 

A riveted drum may cost £40 to £50 per ton. 


A forged drum may cost from £60 to £150 per ton, 
depending on the size. 

A welded drum, however, may even cost less than 
£40 per ton, which is the cost of a riveted drum, and 
above which it has so many advantages. 

Reference was made to both oxy-acet ylene and electric 
welding, and while the opinion was expressed that there 
is a great future for the latter, much further progress is 
necessary before this type of welding can be used with 
certainty for pressure vessels. The authors have come to 
the conclusion that still larger electrodes will be necessary 
for thick materials, and they anticipate electrodes up to 
tin. in diameter. They stated that great difficulty has 
been experienced in depositing a metal of the required 
ductility and tensile strength, but at the present time 
welding metal can now be deposited which gives equal 
ductility, elongation and tensile strength to the parent 
metal. It has the further advantage of being capable of 
hot forging, bending, rolling, or cold working equal to the 
material itself. 

Doubts were expressed whether any lasting progress 
would be made with electric welding without the aid of 
X-ray apparatus. Welds that look perfect on the surface 
are frequently shown to have imperfections in the centre 
when X-ray photographs are taken.” In America some of 
the specifications drawn up for welded drums compel the 
use of X-ray examination, and the opinion was expressed 
that when welded drums become acceptable in this 
country some such method of examination will need to be 
adopted, 
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Stabilising Metals by Magnetism 


By Edward G. Herbert, B.Sc., MI. Mech. E. 


Experiments have shown that periodic fluctuations of hardness occur in metals 

which have been rotated in a magnetic field, or subjected to drastic thermal 

or mechanical treatment. Further experiments, which are discussed in this 

article, show that these fluctuations can be arrested at any selectcd phase by 
magnetic stabilisation. 


April, May, and June, 1931, a description was given 

of the periodic hardness fluctuations which have 
been discovered in hard and soft steels and in some non- 
ferrous metals during ageing periods immediately following 
a rotary magnetic treatment. It was shown that periodic 
fluctuations of a similar character occur in metals which 
have been subjected to severe cold-working processes or to 
drastic thermal treatment such as quenching from high 
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treatment was entirely lost, since the hardness subse- 
quently fell to its original level. Could the maximum 
hardness be rendered permanent by magnetic stabilisation ? 

The experiment was tried, and the result is shown in 
Fig. 2. A razor blade was rotated once in the magnetic 
field at 100° C., and was then aged with periodical hardness 
tests until the first maximum was seen to have been passed. 
The blade was then placed across the poles of the magnet 



























































temperatures, and that after these original fluctuations have 6 a , : 
damped out in the course of a few hours they can be ‘ | a 
started up afresh by rotating the metal in a strong magnetic 2 
field. The new hardness fluctuations damp out after = &+———+ — + 
passing through a cycle of alternating changes of hardness, 2 
but this cycle can be made to repeat itself again and again A 
by repetition of the rotary magnetic treatment. : = ne =i - es 
It seemed probable that these fluctuating changes of : | 
hardness were atomic in character, and they were attributed oar | . eee BP 
toa gyroscopic precession of the spinning electrons. Experi- = 
ments were devised to test the precession hypothesis, in ‘ <q Stabiilised S)min 
the course of which it was dis 62 : 58 & ~ aes Ee rome apa 
covered that if a metal (a hard- “ = 4 
drawn steel wire) was placed for a al 
short time in a constant magnetic ad 2 4 3 * w a 25 
field at the instant when it had 
reached a maximum or a minimum 7? Fig. 2.—Safety Razor Blade : one turn in magnetic 
- ; 60 field at 100° © aged to marimum: — stabilised 
phase of its fluctuations, the effect ay 5 mine. in clationary eld 
was to stabilise it at or near the con- . 
dition of maximum or minimum \ 
hardness which it had then attained ‘ 
It was at once seen that this = 58 
discovery might have practical appli- = 
cations of an important and far- = 
reaching character. Not only would 
it be possible to render permanent 
a condition of maximum or mini- : 56 
mum hardness which the metal 
might pass through in the course 
of fluctuations induced by  mag- 
netism, but the stabilising process 
might be successfully applied in a4 o 7 2 20 
giving permanence to selected phases , H 
in fluctuations set up by quite other py | Safety Racor Black Fig. 3.—Safety Razor Blade : one turn in magnetic 
processes. It might be applied to one turn in magnetic field at ficld at lOO ¢ aqed to marimum: stabilised 
the curious changes in ductility ln ¢ Iyed 20 hours 20 mins. in stationary field 


which are known to occur in freshly 
hardened tool steel, to the fluetuations set up by super- 
hardening and other cold-working processes, and to the 
fluctuations which had been found to occur during low- 
temperature annealing of work-hardened metals, and 
during other secondary thermal treatments, such as 
that commonly used in the hardening of high-speed steel. 
The first step, obviously, was to find what were the 
most favourable conditions for applying the stabilising 
treatment, and with this end in view experiments were 
made on a series of safety-razor blades during fluctuations 
set up by the rotating field at 100°C. The reason for this 
particular choice will be understood from Fig. 1, which 
shows the changes in hardness in a razor blade after a single 
rotation in the field in boiling water—an immediate fall 
in hardness, a very considerable rise, and a fall. In this 
case the increase of hardness attained two hours after 


cold, and left there for 5 mins., when it was removed, and 
the ageing process was resumed. The result was an 
immediate rise in hardness, and a further progressive rise 
during 25 hours, the final hardness being much higher 
than the previous maximum. 

The stabilising period of 5 mins. had been chosen at 
random, and experiments were now made in order to find 
whether a longer or shorter period would be more effective. 
Fig. 3 shows the effect of stabilising for 20 mins., and Fig. 4 
for | min. only. The results were similar in each case, but 
the shortest period, 1 min., produced stability at the highest 
hardness level. 

In these ard many other experiments on similar lines 
there was distinct evidence that the constant field, while it 
eventually produced stability much above the previous 
maximum, was itself a source of hardness fluctuations, and 
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the question arose whether it might be possible to take 
advantage of this fact by applying a second stabilisation at a 
maximum phase of the fluctuations set up by the first. 
The result of such an experiment is shown in Fig. 5. A 
razor blade was treated in the rotary field at 100°C. as 
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Fig. 8 shows the result of stabilising another specimen 
of Saville’s X.L.D. steel at the maximum phase of hardness 
fluctuations caused by rotary magnetic treatment at 
150°C. The original fluctuations were similar to those 
in the upper curve in Fig. 6—an immediate rise followed 
by a further rise. 
A maximum hard- 
been 
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before, aged past the first maximum, stabilised for | min., 
aged till it had passed a second maximum, and then 
stabilised again for 1 min. The anticipated result was not 
realised. Stability was produced, and at a hardness above 
the first maximum, but the second stabilisation caused a 
sudden drop, and a permanent loss of hardness. 

In all the experiments described above, a maximum 
phase of hardness fluctuation was selected for the stabilisa- 
tion It was now decided to experiment further 
with stabilisation at a minimum phase, and for the purpose 
of the experiment a cobalt high speed steel was selected 
Fig. 6 shows the hardness changes produced in one of these 
steels as a result of rotary magnetic treatment at 150° and 
200° C. respectively. Treatment at the higher temperature 
produced an immediate rise, and a very marked fall in 
hardness to a low minimum 3 hours after treatment. This 
minimum phase appeared to be a favourable subject for 
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the stabilisation experiment. 

Messrs. J. J. Saville and Co., having kindly supplied some 
specimens of their “ X.L.D.” cobalt high-speed steel in a 
hardened condition, one of these was used for the experi 
ment, the result of which is shown in Fig. 7. The specimen, 
which was 1} in. square by } in. thick, was placed in an 
oil-bath fixed across the poles of the magnet, and heated 
to 200° C, 
the 
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the specimen was os 

rotated once in the 

magnetic field at € # — Sf 

the bottom of the = oN 

bath, the operation 2 a 

taking 40 secs it 3 

was removed and = 

allowed to cool, and a ’ ; . ‘ e ad 
hardness tests at H 

frequent intervals Pig. 6.—Cobalt High Speed Steel: | 
showed an imme in magnetic firké at 150° C., and 2 
diate rise followed 

by a fall, the changes thus corresponding with those 
in the lower curve in Fig. 6 Two hours after treat- 


ment the minimum appeared to have been passed, and the 
specimen was stabilised by being placed for 3 mins. in the 


stationary field at room temperature. There was an 


immediate rise in hardness, followed by a fall to stability 
below the previous minimum (Fig. 7). 





many experiments 
Stabilisation at a maximum phase 
produces temporary fluctuations and eventual stability 
above the previous maximum. Stabilisation at a mini- 
mum phase produces fluctuations leading to stability below 
the previous minimum , 

Effect of Demagnetisation.—Hard steel specimens which 
have been subjected to the rotary or stationary magnetic 
treatment are left in the condition of * permanent magnets,” 
and hardness tests carried out after the lapse of many 
months have indicated that the increase of hardness caused 
by the magnetic treatment is likewise permanent. Hence, 
a very important question suggests itself. What, if any, 
is the connection between the permanence of the magnetic 
polarisation and the permanence of the hardness induced 
by magnetism? The answer to this question was to be 
found by demagnetising specimens which had been 
magnetically treated, and noting any changes of hardness 
which might follow demagnetisation. 

It was decided to use for these experiments the hard- 
drawn steel wire which had been the subject of much 
previous research. It was known that this wire always 
passes through a definite cycle of hardness changes after 
being subjected to a standardised magnetic treatment 
consisting of a single turn about its own axis in the magnetic 


on high-speed steels. 


= er - — ~ 
2 
’ = ! 
- 7 EEE ee eee ae a 
» & 4 v 
ee} f * 
> aa a axtiememenneniemmieeeimatenmal 
" 7 ~ 
3 = é 
= = > 
= = } é 





. & 
r | 
5 OF 
49 = S 
J > 
a bed Hours 
Figq., 7. Cobalt High Speed Steel: | turn in 
turns magnetic field at 200° C.: aged to minimum : 
we ¢ stabilised 3 min. in stationary fie ld 


field at room temperature, the operation occupying exactly 
40 secs. The fluctuations are shown in the “ typical curve,” 
Fig. 9, and consist of an immediate rise, a fall to a minimum 
“d*’ in § hour, a rise to a maximum “f” in 1} hours, a 
fall to a minimum ‘“;” in 5 hours, and then a slow rise. 
It was decided to give a specimen of this wire the standard 
rotary treatment, age it to the “ f’’ maximum, and at that 
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phase stabilise it for I min. in the constant field and 
demagnetise it. In carrying out the demagnetising process, 
the specimen was reversed end for end 50 times at distances 
from the magnet poles which were increased 0-5 em. at 
each reversal. This process was found to be very effective 
in demagnetising the hard-drawn steel wire. 

The result of the 
stabilising and de- 
magnetising experi- 
ment is shown in 
Fig. 9. It is similar 
to that which had 
been previously ob- 
tained by stabilisa- 
tion only, though 
the final hardness - 
was somewhat 
higher in the de- 
magnetised — speci- | F 
men, 

A further experi- 
ment was made by 
stabilising a speci- 
men of the steel 
wire at the “A” 
minimum 5 hours 
after treatment and 6 
immediately de- How 
magnetising it. A Fig. 8.—-Cobalt High Speed Steel: V turi 
new phenomenon nets SG at IEG OC. : aged fe mmemnen 
now manifested 
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itself, as shown in 

Fig. 10. The specimen did not become stable below 
the minimum, but after rather violent fluctuations 
its hardness rose to a high maximum 7 hours after 


demagnetisation, when it became stable This unex- 
pected result was caused in some way by the combined 
effects of stabilisation and demagnetisation. It was 


therefore decided to separate these effects, and the 
experiment devised for this purpose will be understood 


from Fig. 11. A specimen of the steel wire was given 
standard rotary treatment, and it passed through the usual 
fluctuations At the “A” minimum it was stabilised 


in the constant field for 2 mins., and ageing was continued 


Two hours later, the hardness having decreased to a low 
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minimum (compare the “normal” dotted curve) the 
specimen was cut in two. One half was demagnetised, 
while the other half was left in its stabilised and magnetised 
condition. The extraordinary effect of demagnetisation 
is seen in the heavy curve—rapid fluctuations of great 
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amplitude culminating in a rise to stability at a high 
maximum 7 hours after demagnetisation and 14 hours 
after the original treatment. 

This remarkable effect of demagnetising steel at a 
minimum phase of its hardness fluctuations may prove 
an important link in the chain of evidence bearing on the 
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essential nature of the periodic fluctuations, their relation 
to cohesion, and to the electro-magnetic properties of the 
atom. It appears to indicate that steel at a minimum 
phase is in a critical condition intimately associated with 
magnetic polarisation, and possibly with physical pro- 
perties of an unusual character. The maximum phase, 
on the other hand, is apparently unconnected with the 
condition of permanent magnetism. 

A further experiment in demagnetisation is illustrated 
in Fig. 12. In this case a specimen of the steel wire was 
magnetised and demagnetised in one continuous process. 
The specimen was placed across the magnet poles parallel 
to the lines of force, then immediately withdrawn a distance 
of 0-5em. and reversed end for end, this process being 
repeated until the reversal had taken place 50 times at 
distances gradually increasing to 25cm. The effect was 
that of rotating the specimen in a field of decreasing 
strength The cycle of fluctuations was different from that 
produced by the standard rotary treatment, Fig. 9, though 
similar in general character, the gradually increasing 
periodicity and the high final hardness being common 
characteristics. 

Periodic fluctuations of hardness have now been observed 
in hard and soft steels and duralumin after quenching 
from high temperatures; in hard and soft steels duralumin 
and brass after severe work-hardening by the Cloudburst 
process or by rolling ; in soft steel and duralumin during 
and after low temperature or “* P 3” annealing when in a 
work-hardened condition ; in high-speed steel after harden- 
ing at a high temperature and again during and after 
‘secondary heat-treatment.” They have been found to 
occur in all these metals after rotary treatment in the 
magnetic field, while the process of magnetic stabil sation 
has been applied successfully to steel at both maximum 
and minimum phases of its * magnetic ” hardness fluctua- 
tions. It has been applied to non-ferrous metals with 
striking and somewhat unexpected results which cannot 
be more particularly described at present. Is it possible 
to doubt that all these periodic fluctuations, so differently 
produced and in such a variety of metals, are identical 
in their essential character? It is difficult to resist this 
conclusion, in view of the similarity of the fluctuations 
themselves, and especially of their almost invariable 
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characteristic of damping out with gradually increasing 
time periodicity. 

Some experiments have been made with a view to testing 
the essentially identical nature of the phenomena. It was 
thought, for instance, that if it were found possible to set 
up periodic fluctuation by quenching steel, and to stabilise 
these “quench fluctuations by magnetic treatment 
applied at a selected phase, this would be fairly conclusive 
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evidence that the “ quench fluctuations’ are themselves 
magnetic, and due to something occurring in the electro- 
magnetic structures of which the metal is built uwp—the 
atoms. 

The result of one such experiment is shown in Fig. 13. 
A specimen of the steel wire used in the previous experi- 
ments was quenched in water from 780° C., and was 
aged until, 2 hours after quenching, its hardness was found 
to have passed a maximum. It was then placed for | min., 
cold, in the magnetic field. The result of stabilising 
‘quench fluctuations ” was similar to that of stabilising 
‘magnetic fluctuations” in 
Fig. 8, except that the stabilising treatment gave rise to 
slow fluctuations of great amplitude 


cobalt high-speed steel, 
extending over 25 
The dotted line in Fig. 13 shows the course of the 
in another specimen of the same 


hours. 
‘quench fluctuations ” 
wire, similarly quenched, but not stabilised 
Apart from possibilities of a practical nature 
are very great—in the stabilising of metals by magnetism 
in conjunction with thermal and mechanical 
processes, it is evident that the newly developed technique 
regarded as a potent 


and they 
various 


of serial hardness testing must be 
agent of research applicable to a whole range of metal- 
lurgical phenomena, many of them familiar in their effects, 
but whose essential character has been obscure or entirely 
unknown—changes which evade the microscope and the 
X-ray camera alike, but of whose reality and practical 
importance there can be no possible doubt. What, for 
instance, is the inner mechanism of ** temper brittleness,” 
of “ blue brittleness,” of the age-hardening of quenched 
steel, the low-temperature anneal, the secondary heat- 
treatment of steels, the ductility-combined-with-hardness 
of freshly hardened tool steel! It is to phenomena of 
this class that the new technique must be applied. Some 
of them may not yield to the attack, some are already 
yielding. 
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Serial hardness testing has been carried out before, 
especially in connection with the phenomena of age- 
hardening in duralumin and other alloys, but the hardness 
tests have been made generally at intervals of several or 
many hours. Even so, they have revealed significant 
alternations in the hardness of slowly fluctuating metals 
like duralumin. Dr. Bollenrath, of Aachen University, 
has made a special study of them, though he must not be 
understood to have attributed them to periodic changes 
within the atom, or to have associated them with the 
similar but much more rapid fluctuations in steel. 

In order that it may yield the results of which it is 
capable, serial testing demands a scientific hardness test, 
sensitive, accurate, 
and easily applied 
either to cold speci- 
mens or during the 
application of ther- 
mal treatment in 
the furnace, an ade- 
quate system of 
averaging results to 
eliminate the effect 
of local variations, 
tests made at inter- 
vals not of hours 
but of minutes, and 
continuous observa- 
tion over periods of 
time of the order of 
12 hours. There is 
probably no physi- 
| cal test other than 


, . ” 2s that of hardness 
which can be ap- 
13. ** Quench Fluctuations” —magneti- plied repeatedly to 


Steel wire quenched from 700"C the same small spec- 
imen at frequent 
intervals over long 
periods, and serial 

pre-eminent as a 


stabilised 1 min. in con 


stant field, 


hardness testing is likely to remain 
method of research. But changes of hardness may be 
associated with changes in other physical properties of 
vastly greater importance in the practical use of metals. 
Very marked changes of ductility have already been found 
to accompany the hardness fluctuations in steel wire, 
and it is not 
likely that these 
stand alone. The 
investigation 
of physical pro- 
perties which are 
inastate of rapid 
fluctuation is not 
a simple matter, 
but this difficulty 
is now sur- 
mounted The 
fluctuations can 
be arrested at 
any selected 
phase by mag- 
stabilisa- 





netic 
tion, and the Pig. 14 —fpesiel wingnet wtih eave oon, 
metal may then tor 
be subjected to 

any physical tests at leisure. 

All the magnetic experiments hitherto described have 
been made with an electro-magnet designed for another 
purpose. It originally formed part of an Einthoven string 
galvanometer, and while it has proved admirably adapted 
for experiments on small specimens, it was scarcely suited 
for applying the rotary and stabilising processes on a 
commercial scale to tools and other articles which might 
vary considerably in size and shape. 

(Continued on page 25.) 
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Steel Furnace Repairs 


By Walter Lister. 


Repairs to 


N fixed furnaces, where water-cooled blocks are not 

installed, the average life of the blocks is ten to twelve 

weeks’ continuous working. After this period the 
blocks are usually worn so far back that the gas loses its 
impetus and direction, playing about the side walls and 
roof instead of impinging on and melting the charge. 

It is dangerous to work the longer without 
repairing the ports, but this need not mean that the furnace 
has to be shut down. While the side walls are still good, 
the blocks can be repaired without the necessit\ of cooling 
the furnace down sufficiently to allow bricklayers to get 
inside. The method of repair is to insert steel tubes 
down the ports so that they project inside the furnace 
to the original length of the ports, and then to build round 
them a solid mass of silica concrete to form the new block, 
which will be ot almost the same dimensions as b fore. 

The main essential is that the 
be such that the tube can be inserted through the wicket 
and pushed down to the front of the port. Another 
necessary item is that a small door or wicket should be 
provided between the block and the first charging door, 
both back and front 


furnace 


the design of furnace 


Materials Required. 
Crushed Silica Brick Any pieces of 
pieces of used brick should be 
They should be crushed to the 
For a 60-ton furnace, about 2 

repair one block 

Silica Cement. This is composed of pieces of silica brick 
ground with water to a fine paste. In order to give it 
binding power, so that the whole will frit together in a 
solid mass, it should consist of 75°, first quality brick and 
25°, second quality silica brick This will oce Upy about 
half the volume of the crushed brick. 

Steel Tuhes According to whether the furnace 
one or two gas ports, one or two steel tubes will be required 
These consist of pieces of s« rap plate bent into 
the form of a round tube. They should b 
to project the required distance into the furnace and 
leave about 2 ft. inside the port. They should be 
2 in. more in diameter than the original dimensions of the 
port in order to give about the same area of port opening. 
As the inside of the port will have corroded this much, 
it should be easy to get a tube of this diameter down. 
Ore In order to provide a neutral 
between the dolomite bank and the new repair, chrome 
ore, finely ground and mixed into a stiff paste with water, 
should be prepared beforehand. 


brick or gor ul 
this purpose. 
2-in. 


new 
saved for 


size of about ‘tubes. 


tons will be required to 


has 


per block 
long enough 


about 


Chrome course, 


Method of Procedure. 


As soon as the furnace is tapped and the tap-hole dried 
up, the gas should be taken off. While the bricklavers 
are knocking in the wickets at the end of the furnace, and 
also the small wicket at the side, a platform should be 
rigged up both back and front, on which the furnacemen 
can conveniently stand and work the long fettling shovels. 

When the port wickets are open, the front of the ports 
should be cut down as low as possible by means of long 
bars. Any dolomite in front of the ports should be knocked 
away, so that the tubes can come down to about the same 
position as the bottom of the original port. The tubes 
(assuming that there are two gas ports) are then inserted 
through the wickets and pushed down to the proper position. 


Port Ends 


As soon as these are in place, the bricklayers can build 
up the wickets again. The first-hand furnaceman working 
at the front, and the second hand at the back, should 
now lay on a few shovelfuls of chrome ore in line with 
the mouths of the tubes. It should be flattened down 
with the shovel in order to hold up the silica concrete 
which is placed on top. By this time two extra labourers 
will have dumped down the crushed brick and_ silica 
cement in a convenient spot on the stage near the plat- 
form. The two materials are then intimately mixed, so 
that they form a mass of concrete rather on the wet side. 
A supply is then thrown on to the platform, from whence 
the third and fourth hands will feed the first and second 
hands respectively. The block is then built up as rapidly 
as possible by placing, in quick succession, shovelful after 
shovelful of the concrete in the spaces between the tubes 
and the side-walls. and between the two tubes themselves. 
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Showing the tube in position and the block repaired, 

When the tubes are buried, the block should be con- 
tinued to form the extension of the air-port. It is very 
important that the work should be carried out as rapidly 
as possible. One shovelful should not be allowed to dry 
before another is placed on top of it, so that the whole 
mass is firm and compact without any visible joints. 

Another point of importance is the joint between the old 
block and the new repair. This should be made as tight 
as possible by plastering it well over with some of the 
silica cement alone. If this is not done, and gas finds 
its way through this part, the whole block will soon fall 
down. But if properly made and rendered gas-tight, this 
repair will give at least another six weeks’ life to the 
furnace. As soon as the block is finished, the wicket 
can be closed and the gas introduced. The whole job 
will have taken about two hours, and the furnace will 
require another two hours in order to heat it up ready for 
charging, so that altogether the furnace will not have lost 
more than four hours’ work. 

It is not advisable to repair both ends in one day, as 
this would cool the furnace too much. It does not often 
happen that both blocks are equally bad ; one can usually 
wait a day or so longer than the other. But when both 
ends have been carefully repaired in the manner I have 
described, the furnace will be able to carry on for five or 
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six weeks more, making the life of the blocks 16 to 17 
weeks, instead of the usual 10 to 12 weeks. 


General Repairs. 

When these repaired blocks have in turn worn back, it 
usually happens that the lining is too thin to carry on any 
further. This means that the furnace will have to be 
shut down in order to rebuild the side walls and put in 
new blocks. Assuming that the roof and the regenerating 
chambers are still good, these repairs or rebuilding can 
be carried out in two or three days. But it is remarkable 
what a length of time may elapse if the work is not care- 
fully and methodically supervised 

We will presume that the furnace is shut down on 
Saturday. Immediately after tapping, the bottom should 
be dried up, but no new dolomite thrown on. The tap- 
hole should be left open. The next thing to do is to lift 
the doors up to their fullest extent or take them off 
altogether A hole should also be knocked in the back 
wall above the tap-hole The vas screw should be sealed 
up with clay, so that there is no possibility of any gas 
leaking through into the chambers. The chimney damper 
should be pulled up to its fullest extent, and the gas- 
reversing and air valves should be put on their centres. 
When this is done, a strong current of air will be pulled 
through both ends of the furnace, which will in 
quence cool down rapidly. During Sunday, two men 
should be kept on to tighten up the tie-bars as the furnace 
By 7-30 a.m. Monday morning the furnace will be 
cool enough to commence operations on the doors and back 
lining. Without getting inside the furnace, the old door 
jambs can be cut out and the castings renewed if necessary 
If the whole of the door arch has to be renewed, it is always 
advisable to put in a prop for the roof in the centre of the 
door, as the vibration caused by cutting out the old brick- 
work may cause a few bricks to become dislodged, with 
consequent danger to the roof. 

It is also advisable to put supports under the centre 
of the roof as it gets colder, in order to prevent it sagging 
At the same time as men are working at the front, a part 
of the back lining can be cut out down to the magnesite 
wall, and as high as the girder carrying the roof. This 
part (which will be about 4 ft. long and in the centre of 
the wall) can be at once rebuilt. By the time the top is 
reached, a bricklayer can slip inside the furnace for a 
few minutes in order to finish off the joint between the 
wall and the roof. After this another piece of old wall 
ean be knocked in and repaired in the same manner 
It is not advisable to knock in more than about 4 ft. of 
wall at one time. It is much better to knock one piece 
out and rebuild it before starting on another. 

The men working on the front side will also carry on 
in the same manner. When the door jambs and arches 
are rebuilt, the old wall in between can be cut out and 
in turn renewed. Ona 60-ton furnace, this part of the work, 
by employing two shifts of men, should be finished by 
noon on Tuesday. At 6 a.m. Tuesday morning (or just 
before, for preference) the wickets at the ends of the furnace 
should be opened and the intakes sealed up with pieces 
of plate luted with fireclay. This will prevent the chambers 
from cooling much further, and will also prevent the heat 
rising while the blocks are being repaired. The repairs 
to the blocks is the next job. While the linings are being 
finished, labourers can get inside and cut out the burnt 
part of the old block until they get a good foundation for 
the new brickwork. At noon on Tuesday, rebuilding of 
the blocks should commence. By working through the 
night, with sufficient men to work in relays, the job should 
be completed by 6 a.m. on Wednesday morning. Imme- 
diately the bricklayers are finished all brick rubbish should 
be cleaned out. This should not occupy more than an 
hour. The next job will be to repair the banks and make a 
new tap-hole. The bricklayers will have cut out most of 
the bank in getting their foundations for the walls, and 
this will have to be made good again. 


conse- 


cools. 
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All brick-dust should be brushed out from the top of 
what remains of the old bank, and then this part should be 
given a good painting with hot tar. Good clean dolomite 
mixed with tar should then be rammed all round as high 
as the magnesite wall goes. While this is being done, the 
old tap-hole should be cut out and rammed afresh round 
a wooden plug or template. Any steel found in the banks 
or bottom should also be removed, and the place repaired! 
with fresh dolomite. A hydraulic lifting jack is a usefu 
tool for removing lumps of steel embedded in the bottom ; 
it will often save hours of hard labour. 

While this work is going on, another gang of men can 
be usefully employed in raking out accumulations of dust 
and slag from the bottoms of the regenerating chambers. 
An hour’s work here will probably give the chambers a 
week or two longer life. 

Lighting Up. 
should be finished and a new tap-hole 


By this time a supply of firewood should 
In a few minutes 


All ramming 
made by 9 a.m. 
have been got ready on the platform. 
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tube in position and the 


after ramming is finished, this should be burning briskly 
at each end of the furnace. The valves should be kept on 
the centres for half an hour, so that the smcke and flame 
of the fire is drawn equally down each end. Then the valves 
should be put on end for another half hour, with 
plenty of tarry wood in the fire, in order to cause a large 
volume of smoke and flame to pass through the chamber 
into which the gas will be introduced. At the end of the 
half hour the valves should be reversed, and the gas inlet 
valve immediately opened. This will allow the incoming 
yas to follow the smcke and flame of the fire and ignite 
quietly as it enters the furnace. 

Care of the Roof.——lf there is a prop supporting the roof, 
it should not be removed, but allowed to burn out. It will 
support the roof long enough for a little expansion to take 
place, which will force the roof upwards and not downwards. 
There is always danger of a flat roof being forced down- 
wards under expansion from heat, with the result that 
there is more or less spectacular collapse, and considerable 


one 


more expense. 

The roof will have to be carefully watched as soon as 
the fires are lighted. It is remarkable how quickly it feels 
the effect of the heat, especially a thin roof. Some parts 
will rise like a camel's hump, while others show a tendency 


to drop. This is due to variations in thickness, some 
parts being more corroded than others. The tie-bars 
should be slackened wherever any undue rise appears. 


Neglect to do this often results in another part of the roof 
being forced down until the arch is too flat to sustain the 
weight. 

After receiving gas, the furnace should be hot enough 
to charge by about 10 p.m. Friday night. But before 
charging, the top of the banks should be fettled with 


magnesite. After this is done, ground basic slag should 


(Continued on page 28.) 
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Reviews of Current Literature. 


Metallographer’s Handbook of Etching. 
DURING recent years, the technique of microscopical 
investigation has made rapid progress, and, naturally, 
improved etching methods have been necessary in keeping 
with modern requirements. Although most of the type of 
reagents now in use have been recognised as effective for 
many years, they have been modified and improved in 
order to meet increased demands on their selectivity and 
power of definition: further, the development of new 
alloys has created a need for new etching reagents. In 
view of the fact that large numbers of etching reagents 
have been proposed from time to time, when an uncommon 
or new material required to be etched,the metallographer 
is frequently in a difficulty in selecting a suitable reagent. 

It is the aim of this work to meet the needs of the 
metallographer, and is the result of a proposal put forward 
at the autumn meeting of the Society of Swedish Metallo- 
graphers in 1926. This suggestion was agreed to, and 
in October of 1927 Mr. P. Palmgren commenced to carry 
out the task. Subsequently, the work was continued by 
Mr. T. Berglund. As the work proceeded, however, it 
was considered advisable to depart from the original plan 
and include such non-ferrous metals as are met with in an 
industrial laboratory. This enlarged programme involved 
additional work, and delayed the completion of the hand- 
book. 

A number of useful collections of etching reagents in 
yveneral use already exist, but all are either incomplete 
and condensed, or deal with a limited field, so that a more 
comprehensive handbook will be a valuable acquisition 
to the metallographet In this boek an attempt has been 
made to develop the subject as systematically and con 
cisely as possible, while preserving the essential details 
given in various original articles. In view of the fact that 
the information regarding the manufacture of etching 
solutions, their use, etching time, ete., is given in unaltered 
form, the presentation is somewhat disconnected, but this 
does not detract from its value, 

In order to keep the handbook within reasonable limits. 
no criticisms have been incorporated in the book, and 
thus a certain critical attitude should be adopted when 
using it. A few explanatory photographs have been re- 
produced which will be useful, but it seems apparent that 
a systematic study of the action of etching reagents would 
be of great value: this, however, is bevond the scope of 
the present work. This handbook, which has been trans- 
lated by Mr. W. H. Dearden, is thoroughly practical in 
its outlook, and it seems that no relevant detail regarding 
the etching reagents described, or their manipulation has 
been omitted. It is a handy and valuable laboratory 
manual, and will be found of great help to the advanced 
student of the science of metals. 

Compiled by Torkel Berglund, translated by William 
H. Dearden, M.Se., A.1.C.. and published by Sir Isaac 
Pitman and Sons, Ltd., Parker Street, Kingsway, W.C. 2 
Price 12s. 6d. net 


Wavelength Tables for Spectrum Analysis. 
THE spectroscope is not vet recognised as an essential 
part of the equipment of a metallurgical laboratory, but 
it is slowly becoming better appreciated by chemists and 
metallurgists as an effective means of making a complete 
and rapid survey of the composition of a metal or an 
alloy. In view of the accuracy of analysis and speed at 
which an examination can be made, in comparison with 
other recognised analytical methods, it is surprising that 
the use of this form of equipment has not increased more 
rapidly. There is no doubt, however, that eventually it 
will take its place with chemical analysis in metallurgical 
investigations. 

This book does not attempt to make converts to the use 
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of the spectroscope, but supplies the necessary tables and 
information for use in the laboratory in the daily practice 
of spectrum analysis. It is a revised edition of a work 
compiled by Mr. F. Twyman some eight years ago. The 
book is primarily a compilation of wave-lengths of sensitive 
lines for use in chemical and metallurgical analyses, and 
consists mainly of verbatim transcriptions. Additional 
data, and the revised values of the wavelengths (on the 
I.A. scale), which the book contains, have been selected 
from the published work of authorities on each branch of 
the subject. The most recent interferometric measure- 
ments of standard wavelengths over the range 2327 and 
8495 1.A. have also been included. 

The tables in the first edition related almost exclusively 
to spark spectra ; tables are now given for use in analysis 
hy are and flame methods, the most persistent lines in 
some cases being different according to the method of 
excitation. A review of the conclusions of Dr. T. Negrosco 
is given on the section on the work of A. de Gramont, to 
which they refer. 

An introduction to the study of the significance of the 
‘raies ultimes”” is given in the section “ The Various 
Types of Spectrum,” by Prof. Andrade, this section having 
been transferred from ** The Practice of Spectrum Analysis” 
(4th Edition). A further notable addition 1s that of a 
complete table of ultimate lines, mainly derived from the 
table given by Dr. A. T. Williams (** Estudio de las Ciencas,” 
No. 86, Nov., 1928, pp. 361-396), with spectroscopic data 
such as series notation, excitation potentials, and tempera- 
ture classification, so far as these are available. This table 
will no doubt be of considerable use to those wishing to 
study the nature and behaviour of the sensitive lines under 
different conditions, or to select homologous lines for 
quantitative spectrum analvsis. 

The Appendix deals with the phenomena occurring in 
the condensed spark discharge, and the effects of varying 
the capacity and self-inductance in the circuit. A sum- 
mary of the electrical arrangements used by various workers 
is given, with notes on the standardisation of spark spectra 
for quantitative analysis. 

The work has been revised and brought up to date by 
Mr. D. M. Smith, who, in addition to making a special 
study of spectroscopy, has had considerable experience 
during the last few vears as spectroscopic investigator to 
the British Non-Ferrous Metals Research Association. In 
its present form, this book fulfils its purpose so completely 
that reference to other sources of information will rarely 
be necessary. 

Compiled by F. Twyman, F.Inst. P.F.R.S., and D. M. 
Smith, A.R.CLS., B.Se.. D.LC., and published by Adam 
Hilger, Ltd., 24, Rochester Place, London, N.W. 1. Price 
l4s. Gd. net, 14s. 9d. post Tree. 


Supplement to Book of A.S.T.M. Standards. 
THe American Society for Testing Materials has issued the 
1931 Supplement to the 1930 Book of A.S.T.M. Standards. 
The Book of Standards is issued only every third year, and 
the standards which are adopted by the Society in the 
intervening years are published in supplements which 
bring up to date both parts of the Book of Standards, 
namely, Part 1., Metals, and Part Il, Non-Metallic 
Materials. The 1931 Supplement consists of 144 pages, 
and contains 32 standards adopted or revised by the 
Society on September 1, 1931. Seventeen of the standards 
are new, and 15 are replacements of existing standards. 
The Book of Standards, Parts I. and I1., together with the 
1931 Supplement contain 443 standards of the Society now 
in effect. A complete list of these, and the tentative 
standards as weil, is given in the back of the Supplement. 

Of the 32 standards published in the 1931 Supplement, 
seven relate to metals and 25 deal with von-metallic 
materials, but they are so arranged that anyone wishing 
to separate those standards relating to either group can 
easily do so. Three of the metals standards involve ferrous 
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materials : 
ture service ; 


Alloy-steel bolting materials for high-tempera- 
welded wrought-iron pipe; and high-test 
gray-iron castings. Four specifications cover non-ferrous 
metals, namely, aluminium-alloy (duralumin) — sheet 
aluminium-manganese alloy sheet : aluminium-base sand 
casting alloy in ingot form; and aluminium-base alloy 
sand castings. There are specifications for hydrated lime 
for structural purposes ; for structural clay load-bearing 
wall tile; for struetural clay fireproofing, partition, and 
furring tile, and for structural clay floor tile. 

making and storing 
the field; for 
securing specimens of hardened concrete, from a structure 
for testing brick (compression, flexure, absorption) ; and 
for testing the softening point of fireclay brick. Standard 
definitions of terms relating to refractories and to structural 
clay tile are also published, together with standard specifi- 
red lead, aluminium 


Standard methods are given for 


concrete compression test specimens in 


cations for basic carbonate, white lead, 
powder for paints, gold bronze powder, and for toxic 
ingredients in anti-fouling paints 

Standard methods of test are included for the alkalinity 
or acidity of pigments, bleeding of pigments, hygroscopic 
moisture, and oil absorption in pigments, determination 
of acetone extract in dry lampblack and dry bone black, 
determination of polishing lubricant in aluminium paint 
powder, size of anthracite, water absorption of slate, 
flexure testing and electrical insulating. 

The 1931 Supplement is furnished with orders for the 
Book of Standards, and is available separately as well, at 
from the American Soc iety ot Testing 


a price of $1.50, 
Philadelphia, Pa.. US A. 


Materials, 1,315, Spruce Street, 


Stainless Iron and Steel. 


WITHIN the extensive group of stainless irons and steels 
there are a variety of materials differing substantially in 
chemical analysis, varying widely in physical properties 
aad acting very differently in the field of corrosion ; vet 
it is still too common to refer to this group of stainless or 
rustless iron or steel as of a single type. Obvious corrosive 
influences vary so much that, in order adequately to cover 
engineering requirements, it is to manufacture 
many different alloys, and although many are now in use 
the number will doubtless be still further increased as the 
peculiar advantages of the different analyses, under special 


necessary 


conditions, become better understood 

It is primarily with the object of disseminating infor 
mation on stainless irons and steels, so that their peculiar 
»roperties will be better understood that Mr. Monypenny 
has written this book. The wide range of materials that 
are available in this group is of great value to the potential 
user, more particularly the engineer, but it is necessary to 
discriminate between various types of steel in order that 
full advantage can be made of the material for any par- 
ticular purpose. 

In this book the author presents data pertaining to the 
various grades of steel in a very clear manner. The fact 
that the first edition, which was published five years ago, 
was out of print in two years, indicates how well his efforts 
and method of presentation were appreciated. It has 
certainly been successful in assisting the user to understand 
the valuable properties of the various grades. 

During the last five years the metallurgy of stainless 
steels has developed rapidly. Much research work has 
been carried out in determining the structure and properties 
of steels containing large percentages of chromium and 
also additional elements, such as nickel, copper, tungsten, 
etc., and a considerable number of new types of stainless 


steel have been developed and marketed. The author, in 


endeavouring to deal in a systematic manner with these 
developments and to present a picture of the present state 
of the art, found it necessary to re-draft the book, and 
re-write it almost entirely. 
publication of this, the second, edition. 


This has caused delay in the 
There has been 
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an advantage in the delay since the results of more recent 
res2arch have been included. 

Although the fundamental constituent of all stainless 
steels is chromium, and a large proportion of the corrosion- 
resisting steel made to-day consists of plain chromium steels 
and irons, the more complex alloys are making considerable 
headway. In these alloys various metals, notably nickel, 
are added to modify the properties of chromium steels, and 
at the present time corrosion-resisting alloys in the nickel- 
chromium series are being increasingly used. But, broadly 
speaking, developments in stainless steels, as regards com- 
position, have proceeded along three main channels: the 
use of very high chromium contents, with or without 
sufficient nickel to make them austenitic : the addition of 
larger amounts of nickel than are found in the austenitic 
steels of the Krupp type ; and the addition of other metals, 
such as cobalt, copper, molybdenum, silicon and tungsten, 
either to the plain chromium steels or to one or other of the 
a tstenitic chromium-nickel alloys. 

The author has taken the logical and convenient course of 
aiscussing first the simple chromium steel and afterwards 
the modifications and improvements produced by the 
addition of other metals to these chromium steels. In its 
present form we have no hesitation in saying that this 
book will be quoted as an authoritative work on stainless 
iron and steels for many vears to come. The re-written 
edition contains 575 pages, with 236 figures and illustra- 
tions (including 55 full-page plates), and is a credit to the 
publishers as well as to the author 

By J. H. G. Monypenny, F.Inst.P. Published by Messrs. 

Chapman and Hall, Ltd., 11, Henrietta Street, London, 
W.C. 2. - 


Price 25s. net. 


Foundrywork and Metallurgy. 


Iv is questionable whether there is any more complex 
industry than the foundry industry. So many factors are 
involved in meeting modern engineering requirements that, 
in addition to high manipulation skill, the production of 
necessitates knowledge of metal- 
lurgical science. Rapid development in the range of useful 
alloys has increased the difficulties of the foundry, because 
each metal and alloy presents its own peculiar problems, 
and some knowledge of their characteristics in a fluid, as 
The com- 


castings considerable 


well as a solidified form. is essential to success 
plexity of the subject, the wideness of its scope, and the 
diversity of its character render it practically impossible 
for any one author to consider adequately. To overcome 
this difficulty, fifteen authorities have contributed to this 
work, which is being published in twenty-six weekly parts, 
the first part of which was issued on October 3. The com 
plete work will amount to about seven volumes, containing 
a total of approximately 1,900 pages, and should prove 
useful to the patternmaker, moulder, chemist, 
engineer, and all who desire information on this important 
industry. Edited by R. T. Rolfe, F.1L.C., and published by 
Sir Isaac Pitman and Sons, Ltd., the price of each part Is 
Is.. and to make sure of obtaining a complete set, orders 
should be placed with any bookseller or newsagent or direct 
with the publishers. 


work’s 


The Economic Significance of Specifications 
of Materials. 

A syMpPosIUM on the above subject was discussed at a joint 
meeting of the American Society for Testing Materials and 
the Western Society of Engineers, at Chicago last June, 
and the papers which were contributed have now been 
published as a pamphlet of 46 pages. Two material fields 
were chosen—namely, steel and concrete,—together with a 
discussion from the standpoint of a director of purchases, 
The pamphlet includes the five papers presented, and the 
men responsible for them are eminently qualified to discuss 
the subject. In addition to these papers, a discussion on 
motor oils is included. Published by the American Society 
for Testing Materials, Philadelphia, Penn., U.S.A. 
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Aluminium Sheet Production 


By Robert |]. Anderson, D.Sc. 
Part X.— Hot Mills. 


The several types of mills used for the hot break-down Ope ration on aluminium and aluminium-alloy 
sheet ingots are discussed in this article 


ILLS suitable for use in hot-rolling aluminium 
M sheet ingots are built in various sizes and designs, 

depending on requirements and on the preferences 
of mill operators and machinery builders. There is no 
such thing as a“ standard ” aluminium hot mill, and there 
probably never will be. Necessarily . the tvpe and capacity 
of the millemployed must be governed in considerable part 
by limitations on capital expenses and by the desired 
output. Generally speaking, rather large mills have been 
employed in practice for the hot break-down operation. 
Thus, in the United States, mills having rolls 24 in. to 29 in. 
in diameter and up to about S4 in. face length have been 
mostly used. Of course, mills having smaller rolls have been 
Mills with short rolls, 
sav, up to 36in. face length, may be used where the bulk 
of the production is for coil, but for all-around work in the 


employed both here and abroad 


average plant a mill with large rolls is a practical necessity 
For convenience in discussion here, aluminium hot mills 
may be classified as follows 


1. Two-high irreversible mills 
» 


Two-high reversible mills 
3. Double-duo mills 
t. Three-high mills 
These various types of hot mills are described in later 
paragraphs of this article 

Broadly speaking, the two-high irreversible mill is used 
where the tonnage to be handled is not large, where there 
are limitations imposed on installation costs, or where 
the advantages of other tVpes are not ree ognised., So far, 
the two-high reversible mill has not been used widely in 
aluminium practice, chiefly, no doubt, because of its high 
first cost. However, where its installation is warranted, as 
in tonnage mills, the writer is of the opinion that there is 
nothing superior to this type for high-speed, low-cost: pro- 
duction. Double-duo mills have been favoured by some 
operators and used in tonnage plants. In contrast to the 
two-high reversible mill, the expense of special motor and 
reversing equipment is saved with the double-duo mill 
at the same time, the latter type is not such an atiractive 
proposition as may appear at first sight. as regards first 
cost, capacity, and maintenance. Three-high hot mills 
have been favoured rather more in Continental European 
practice than elsewhere In the writer's opinion such 
mills are more desirable for tonnage work than either the 
two-high irreversible or double-duo type, but they are not 
so desirable as the two high reversible ivpe 

It is to be understood that the capacity of any hot mill 
for producing slabs is large, in comparison to the capacities 
of roughing and finishing mills for performing their respec- 
tive operations. Hence, the type and size of hot mill must 
he properly chosen, not only with respect to the quantity 
and sizes of slabs to be rolled, but also with regard to the 
number, type, and capacities of the cold-rolling mills 
available for processing from the slab. This matter of 
proper correlation of capacities is sometimes, strangely 
enough, overlooked the result being that plants have been 
built which are entirely out of balance. 

Any comprehensive discussion of the design of hot mills 
and their engineering features would lead far afield and 
beyond the scope of the present article. Here, it is the 
writer's object to describe the several types of mills above 
mentioned, to point out their more salient features, and to 
deal briefly with certain accessories and fittings. More 


detailed information is to be had readily from the leading 
builders of rolling-mill machinery. 

Hot-rolling is an operation which should be done at a 
high rate of speed. Consequently, the use of special equip- 
ment is indicated 


Two-high Irreversible Mills. 

Conventional mills of the two-high irreversible type have 
been used considerably for hot-rolling aluminium ingots. 
Such mills are similar in design to those used for roughing 
and finishing aluminium sheet, but when used for hot rolling 
the should be « quipped with power-operated screw-downs. 

While two-high non-reversing mills in a wide range of 
sizes have been used for the hot break-down operation, 
ordinarily mills equipped with rather large rolls are 
emploved In American practice, the usual two-high 
irreversible hot mill has rolls measuring 24 in. to 29 in. 
in diameter by 60 in. to 84 in. face length. The use of large 
mills is old in the United States: a mill equipped with 
28 in. by S4in. rolls was in operation in 1895. In Germany 
a two-high non-reversing mill, equipped with 35} in. by 
131 in. rolls, has been employed for the hot break-down 
operation. Rather small mills equipped with rolls measur- 
ing, sav, 20 in. to 24 in. by 30in. to 36 in., have been used 
in some plants 





Fig 1 Hot rolling Aluminium ingots. 
(The Aluminium Goods Mfq. Co.) 


The ordinary two-high non-reversing mill consists 
essentially of a pair of cylindrical rolls suitably mounted, 
one above the other, and a pair of housings. The housings 
are bolted to a pair of shoes (bed plates), which extend 
along either side of the mill pit, adjustment thus being 
provided for roll length. Bearing supports, bearings, and 
screw-downs, are carried by the housings. The lower roll 
is carried in a fixed position, and the upper roll is movable 
vertically up and down, motion being transmitted by 
screws. As mentioned above, the screw-downs of a hot 
mill should be power operated—this to increase the speed 
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materials ; Alloy-steel bolting materials for high-tempera- 
ture welded wrought-iron pipe; and high-test 
grav-iron castings. Four specifications cover non-ferrous 
metals, namely, aluminium-alloy  (duralumin) 
aluminium-manganese alloy sheet : aluminium-base sand 
casting alloy in ingot form ; 
There are specifications for hydrated lime 
for structural clay load-bearing 
partition, and 


service ; 
sheet 


and aluminium-base alloy 
sand castings 
for structural purposes ; 
wall tile: for structural clay fireproofing, 
furring tile, and for structural clay floor tile 
given for making and _ storing 


Standard methods are 


concrete compression test specimens in the field; for 
securing specimens of hardened concrete, from a structure 
for testing brick (compression, flexure, absorption) ; and 


for testing the softening point of fireclay brick. Standard 
definitions of terms relating to refractories and to structural 
clay tile are also published, together with standard speciti- 
eations for basic carbonate. white lead, red lead, aluminium 
powder for paints, gold bronze powder, and for toxic 
ingredients in anti-fouling paints 

Standard methods of test are included for the alkalinity 
or acidity of pigments, bleeding of pigments, hygroscopic 
moisture, and oil absorption in pigments, determination 
of acetone extract in dry lampblack and dry bone black, 
determination of polishing lubricant in aluminium paint 
powder, size of anthracite, water absorption of slate. 
flexure testing and electrical insulating. 

The 1931 Supplement is furnished with orders for th 
Book of Standards, and is available separately as well, at 
from the American Society of Testing 
Philadelphia, Pa., U.S.A. 


a price of SL.50. 
Materials, 1,315, Spruce Street, 


Stainless Iron and Steel. 


WITHIN the extensive group of 
there are a variety of materials differing substantially in 


stainless irons and steels 


varying widely in physical properties 
field of corrosion vet 


this group of stainless or 


chemical analysis 
aad acting very differently in the 
it is still too common to refer to 
rustless iron or steel as of a single ty pe. Obvious corrosiv 
influences vary so much that, in order adequately to covet 
manufacture 
now in use, 


engineering requirements, it is ne 
many different alloys, and although 
the number will doubtless be 
peculiar advantages of the different analyses, under special 


he tter 


essary to 

many are 
still further increased as the 
understood 


( onditions. he ome 


of disseminating infor 
that their peculiar 
mroperties will be better understood that Mr. Monypenny 
has written this hook The ot materials that 
are available in this group is of great value to the potential 


the 
ind st 


It is primarily with object 


eels, so 


mation on stainless irons 
wide range 
user, more particularly the engineer, but it is necessary to 
discriminate between various types of steel in order that 
full made of the par- 
ticular purpose 
In this book the 


of steel in a 


vivantage can be material for any 
author presents data pertaining to the 
Various grades The fact 
that the first edition, which was published five vears ago. 


very clear manner 
was out of print in two years indicates how well his efforts 
and method of appreciated It 


cert ainly hes n suce 


presentation were has 


essful in assisting the user to understand 
the valuable properties of the various grades 
vears the metallurgy of stainless 


Much 


out in determining the structure and properties 


During the last five 


steels has cde veloped rapidly research work has 


heen carried 


of steels containing large percentages of chromium and 
also additional elements. such as nickel copper, tungsten 
f and a considerable number of new types of stainless 
steel have heen developed ind marketed The author. in 
ndeavouring to deal in a systematic manner with these 
deve lopme nts and to present a picture of the present state 
of the art, found it necessary to re-draft the book, and 
re-write it almost entirely, This has caused delay in the 
publication of this, the second, edition. There has been 


i if 
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an advantage in the delay since the results of more recent 
res 2arch have been included. 

Although the fundamental constituent of all stainless 
steels is chromium, and a large proportion of the corrosion- 
resisting steel made to-day consists of plain chromium steels 
and irons, the more complex alloys are making considerable 
headway. In these alloys various metals, notably nickel, 
are added to modify the properties of chromium steels, and 
at the present time corrosion-resisting alloys in the nickel- 
chromium series are being increasingly used. But, broadly 
speaking, developments in stainless steels, as regards com- 
position, have proceeded along three main channels: the 
very high chromium with or without 
sufficient nickel to make them austenitic ; the addition of 
larger amounts of nickel than are found in the austenitic 
steels of the Krupp type ; and the addition of other metals, 
euch as cobalt, copper, molybdenum, silicon and tungsten, 
either to the plain chromium steels or to one or other of the 


use of contents, 


a tstenitic chromium-nickel alloys. 

The author has taken the logical and convenient course of 
aiscussing first the simple chromium steel and afterwards 
the modifications and improvements produced by the 
addition of other metals to these chromium steels. In its 
present form we have vo hesitation in saying that this 
book will be quoted as an authoritative work on stainless 
iron and steels for many vears to come. The re-written 
edition contains 575 pages, with 236 figures and illustra- 
tions (including 55 full-page plates), and is a credit to the 
publishers as well as to the author. 

By J. H. G. Monypenny, F.Inst.P. Published by Messrs 

Chapman and Hall, Ltd., 11, Henrietta Street, London, 
W.C. 2. 


Price 25s. net. 


Foundrywork and Metallurgy. 


Ir is questionable whether there is any more complex 
industry than the foundry industry. So many factors are 
involved in meeting modern engineering requirements that, 
in addition to high manipulation skill, the production of 
castings necessitates considerable know ledge of metal- 
lurgical science. Rapid development in the range of useful 
alloys has increased the difficulties of the foundry, because 
each metal and alloy presents its own peculiar problems, 
and some knowledge of their characteristics in a fluid, as 
well as a solidified form. is essential to success. The com- 
plexity of the subject, the wideness of its scope, and the 
diversity of its character render it practically impossible 
for any one author to consider adequ itely. To overcome 
this difficulty, fifteen authorities have contributed to this 
work, which is being published in twenty-six weekly parts, 
the first part of which was issued on October 3. The com 
plete work will amount to about seven volumes, containing 
a total of approximately 1,900 pages, and should prove 
useful to the patternmaker, moulder, work’s 
engineer, and all who desire information on this important 
industry. Edited by R. T. Rolfe, F.L.C., and published by 
Sir Isaac Pitman and Sons, Ltd., the price of each part is 
ls., and to make sure of obtaining a complete set, orders 
should be placed with any bookseller or newsagent or direct 
with the publishers. 


chemist, 


The Economic Significance of Specifications 
of Materials. 

A SYMPOSIUM on the above subject was discussed at a joint 
meeting of the American Society for Testing Materials and 
the Western Society of Engineers, at Chicago last June, 
and the papers which were contributed have 
published as a pamphlet of 46 pages. Two material fields 
namely, steel and concrete, together with a 
discussion from the standpoint of a director of purchases. 
The pamphlet includes the five papers presented, and the 
men responsible for them are eminently qualified to discuss 
the subject. In addition to these papers, a discussion on 
motor oils is included. Published by the American Society 
for Testing Materials, Philadelphia, Penn., U.S.A, 


now been 


were chosen 
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Aluminium Sheet Production 


By Robert J. Anderson, D.Sc. 
Part X.— Hot Mills. 


The several ty pe S of mills used for the hot hre ak-down ope ration On aluminium and aluminium-alloy 
sheet ingots are discussed in this article 


ILLS suitable for use in hot-rolling aluminium 
M sheet ingots are built in various sizes and designs, 

depending on requirements and on the preferences 
of mill operators and machinery builders There is no 
such thing as a“ standard ” aluminium hot mill, and there 
probably never will be. Necessarily . the tvpe and capacity 
of the millemployed must be governed in considerable part 
by limitations on capital expenses and by the desired 
output. Generally speaking, rather large mills have been 
employed in practice for the hot break-down operation. 
Thus, in the United States, mills having rolls 24 in. to 29 in. 
in diameter and up to about S4in. face length have been 
mostly used. Of course, mills having smalier rolls have been 
employed both here and abroad. Mills with short rolls, 
say, up to 36in. face length, may be used where the bulk 
of the production is for coil, but for all-around work in the 
average plant a mill with large rolls is a practical necessity. 

For convenience in discussion here, aluminium hot mills 
may be classified as follows 
Ll. Two-high irreversible mills 
Two-high reversible mills 
Double-duo mills 
$. Three-high mills 

These various types of hot mills are described in 


later 


paragraphs of this article 
Broadly speaking, the two-higl 
where the tonnage to be handled is not large, where there 


irreversible mill is used 


are limitations imposed on installation costs, or where 
the advantages of othe tvpes are not recognised, So far, 
the two-high reversible mill has not been used widely in 
aluminium practice, chiefly, no doubt, because of its high 
first cost. However, where its installation is warranted, as 
in tonnage mills, the writer is of the opinion that there is 
nothing superior to this type for high-speed, low-cost. pro- 
duction. Double-duo mills have been favoured by some 
operators and used in tonnage plants. In contrast to the 
two-high reversible mill, the expense of special motor and 
reversing equipment is saved with the double-duo mill : 
at the same time, the latter type is not such an atiractive 
proposition as may appear at first sight, as regards first 


cost, capacity, and maintenance. Three-high hot mills 
have been favoured rather more in Continental European 
practice than elsewhere. In the writer's opinion. such 


mills are more desirable for tonnage work than either the 
two-high irreversible or double-duo type, but they are not 
so desirable as the two-high reversible type 

It is to be understood that the capacity of any hot mill 
for producing slabs is large, in comparison to the capacities 
of roughing and finishing mills for performing their respec- 
tive operations. Hence, the type and size of hot mill murt 
be properly chosen, not only with respect: to the quantits 
and sizes of slabs to be rolled, but also with regard to the 
number, type, and capacities of the cold-rolling mills 
available for processing from the slab This matter of 
proper correlation of capacities Is sometimes, strangely 
enough, overlooked the result being that plants have been 
built which are entirely out of balance. 

Any comprehensive discussion of the design of hot mills 
and their engineering features would lead far afield and 
beyond the scope of the present article. Here, it is the 
writer's object to describe the several types of mills above 
mentioned, to point out their more salient features, and to 
deal briefly with certain accessories and fittings. More 


detailed information is to be had readily from the leading 
builders of rolling-mill machinery. 

Hot-rolling is an operation which should be done at a 
high rate of speed. Consequently, the use of special equip- 
ment is indicated 

Two-high Irreversible Mills. 

Conventional mills of the two-high irreversible type have 
been used considerably for hot-rolling aluminium ingots. 
Such mills are similar in design to those used for roughing 
and finishing aluminium sheet, but when used for hot rolling 
they should be equipped with power-operated screw-downs. 

While two-high non-reversing mills in a wide range of 
sizes have been used for the hot break-down operation, 
ordinariiy mills equipped with rather large rolls are 
employed. In) American practice, the usual two-high 
irreversible hot mill has rolls measuring 24 in. to 29 in. 
in diameter by 60 in. to 84 in. face length. The use of large 
mills is old in the United States: a mill equipped with 
28 in. by 84 in. rolls was in operation in 1895. In Germany 
a two-high non-reversing mill, equipped with 35} in. by 
I3l in. rolls, has been employed for the hot break-down 
operation. Rather small mills equipped with rolls measur- 
ing, say, 20 in. to 24 in. by 30in. to 36in., have been used 


In some plants 





The Aluminium Goods Mfq. ¢ ) 


The ordinary two-high non-reversing mill consists 
essentially of a pair of evlindrical rolls suitably mounted, 
one above the other, and a pair of housings. The housings 
are bolted to a pal of shoes (bed plates), which extend 
along either side of the mill pit, adjustment thus being 
provided for roll length. Bearing supports, bearings, and 
screw-downs, are carried by the housings. The lower roll 
is carried in a fixed position, and the upper roll is movable 
vertically up and down, motion being transmitted by 
screws. As mentioned above, the screw-downs of a hot 
mill should be power operated—this to increase the speed 





of operation and avoid the necessity for slow and laborious 
setting of the roll by rotating the screws through hand- 
wheel or through notched wheel Suitable 
dial-and-pointer arrangement is provided, this being con- 
nected by gearing to the 
Suitable feed and 


and wrench 


screws so as to indicaie the roll 
recelvil uv 


sets. 


tables are provided on 





handling the ingots and slabs 


the 


either side of mill for 

This type of mill may bx 
turned over by direct motor drive 
The top and bottom rolls are driven conjointly through 


helical Leaded 


bronze bearings are the roll necks 


hooked up ina roll train on 


1 


hrough a reduction unit 


large gearing mounted in a pinion stand 
ry 
Upper 
top roll is counter 
pit beneath the 
mill of the two-high 
independently 
However, in small plants 


ised to « 


generally 


Lateral play for the movement of the roll is 


veniently provided by wabblers. Thi 


col 


balanced, the weights being carried in the 
mill For fl xibility of operation, a hot 
non-reversing type should be 


driver and 


not made part of a roll trair 


where such a mill is used, part of the time for hot rolling 
and the rest of the time for roughing and slabbing, it is 
economy to place it in a trair 

Two-high non-reversing mills are run at about 24 to 
30 r.p.m. in the United States. At one plant a mill having 
285 in. by S4tin. rolls was turned over at 24r.p.m.. or a 
peripheral speed of 176 ft. per mir In another plant a 


mill of the same size is run at 29r.p.m., or a peripheral 
speed of 213 ft. per mit With smaller rolls, peripheral 
speeds as low as 60 ft. per min. have been usec in some 
foreign plants 

The operation of breaking down aluminium ingots on 
two-high irreversible mills has been described in the 
previous article of this series.! 

Fig. 1 shows the hot rolling of aluminium ingots on a mill 
of this type ina plant producing striy r utensil fabricatior 


Two-high Reversible Mills. 


The general features of design ji e case of two-high 
reversing hot mills are the same as t e of the non 
reversing tvp is regards rolls, housings, bearings 
pinion stand, screw-down control, et 
In other words, the two tvpes of mills 
may be substantially the same up he 
drive However, the general const: ion 
of the reversing mill is ordinarily heavier 
or stronger thin that of the non-reversing 
type With che reversing mill. the dire 
tion of rotation of the rolls *s reversed 
after each pass this avoids the necessity 
of returning the slab over } upper 
roll. as in the case of the two-high nor 
reversing type 

In the previous article of this series 
Views were shown, front and back. of a } P 
two-high reversing mill emploved in an 


Figs. 2 


the present arti le shows a 


American plant for hot-rolling aluminium ingots (¢/ 
and 4 of that articl Fig. 2 of 
general view of this mill ike 
the mill proper being seen in the centre 
behind the pile of slabs. Fart 


from the motor-drive end 
of the photographs 


her back is a pair of two-high 
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irreversible mills, motivated from one drive and used for 
roughing and finishing. The reversing mill is driven by a 
500-h.p. D.C. reversing motor, which may be seen to the 
left of the flywheel motor-generator set at the extreme right 
of Fig. 2. This motor-generator set is used for boosting 4 
the current supplied to the reversing motor, thereby 
improving the power factor. The revers- ) 
ing motor drives a large herringbone-gear 

reduction at the left of the 

former, and the gear-reduction set drives 

through to a pinion stand, seen farther j 
to the left. The reversing motor operates 
at 200 rpm. Fig. 3 shows a view of the 
flywheel motor-generator set from the 
opposite side of Fig. 2, the control board 
appearing in the centre of the photograph. 
At the right, the spiral delivery chute for 
handling ingots from an overhead 
to the hot-mill feed table will be 
noticed. 

This hot mill has been operated with 
26in. by 7Sin. and 26in. by 84 in. rolls, 
the speed of revolution being 30 r.p.m. The mill has been 
used both for hot-rolling and cold slabbing. The screw-down 
control and the reversing control for this mill are brought 
a pulpit, so that they can be handled by one 
man, the pulpit being so situated that the operator can 
the dial and also the direction in 
which the rolls are rotating 

The mill illustrated here was built by the A. Garrison 
Foundry Co., now a subsidiary of the Mackintosh-Hemphill 
Co., Pittsburgh, Pa 

Certain special fittings for this mill are described briefly 





seen 


set, 


con- 


vever 


toe ther at 


plainly see numbers 


in later paragraphs of this article. 


Double-Duo Mills. 


In some few plants the double two-high, or so-called 


mill is favoured. This consists of two pairs 
into one stand, as is illustrated 
in the sketch of Fig. 4. The pair of rolls on the catcher’s 
side of the mill is situated at a higher elevation than the 
pair on the roller’s side. As built in one plant, the top of 
the lower roll on the catcher’s side is about 4 in. higher 
than the top of the top roll on the roller’s side. A feed 
table of the ordinary type. consisting of a series of rollers, 
is prov ided on the roller’s side On the discharge side of the 
roller’s pair of rolls, an inclined roller table is provided for 
receiving the slab. This table discharges to a lifting table 
vide Fig. 4). The lifting table is mounted on a platform, 
which latter is hydraulically or electrically operated. The 
catcher works on this platform 

The platform is moved to the proper position, up or 


double-duo. 
of irreversible rolls built 


in accordance with the direction in which the slab 
Thus, when the slab is coming through ’ 
the lower pair of rolls, the platform with the lifting table 


down 
is being p assed 





gm of two-high rever sing hot mill (cf Fiq 2.) 
is down, in the position shown by the full lines of Fig. 4. 
When the slab is being passed through the upper pair of 
rolls, the platform is in the position shown by the broken 
lines of the figure. On passing through the upper pair of 
rolls, the slab is returned to the roller over the top roll of 

(C'ontinued on 26 ) 
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Characteristics and Properties of 
Monel Metal 


The outstanding features that render this alloy of great commercial 
value are high resistance to corrosion and high tensile strength. 


ATURAL Monel metal is made directly from the 
copper-nickel ores which occur in the Sudbury 
district of Ontario. The analysis varies slightly, 

but as a rule it averages 67°, nickel and 28°, copper, with 
Monel metal is made as a 

primarily on a 
other 


about 5°, of other elements. 
which is 
varving 


svnthetic composition, based 
70-30) nickel-copper, but 
elements are invariably present, as they have been found 
useful aiding mechanical 
treatment, or in in the alloy. The 
additional elements consist mainly of iron and manganese, 


vercentages of 
| 


facilitating casting, 


soundness 


either in 


assisting 


though silicon is sometimes present and also traces of carbon, 
The latter element is usually kept below 0-1°,, as, although 
a higher percentage tends to increase the tensile strength 
of the alloy, the carbon is liable to be precipitated during 
the time of annealing. A material of higher carbon content 
should only be emploved for machined parts which do not 
require annealing For usually about 2°, of 


manganese is added, but for forgings or hot-rolled parts a 


castings, 
lower percentage is generally desit ible 

The outstanding features that render this alloy of great 
commercial value are high resistance to corrosion and high 


tensile strength It resistance to Various 


POSSESSES yvreat 
such as salt water, atmospheric attack, 
the property of 


marked degree, the deterioration in 


corroding media 
dilute 
resisting to a vers 
to which the majority of non-ferrous alloys are 
Some 


acids, et and has remarkable 


strength 
subject, from use at temperatures above the normal 
indication of this quality is noted in Table I 


rABLE 1 
Kerect or Evevatrep TEMPERATURES ON PuysicaAL PROPERTIES 
or Monen Merat. 
Maw hlongation 
Stress, “_ Of Reduetion 
Temp Pons per lL of 
‘ Sq. In hy aren Area, 5. 
IS 37°35 Th 70 
jim 34-8 38 71 
in 33-4 38 70 
Ri 34°05 37 tid 
ow 33-2 8 52 
now dS a | 10 21 
ow pd 1s | 26 2H 
70 14-2 30 30 
SOM) 7:5 1 By 


In the east scate average results from a large number of 


the following mechanical properties 


tests gave 
As Cast 
Max. Yoeld Klonyvation Reduction 
Strenuth, Point, : of Area, 
Tons per Sq. In. Tons per Sq. In in 2in, e 
32 16-5 34 32 


Greater strength is, of course, obtainable in the rolled 


metal. and average results of a great number of tests on 
rods of varying sectional size and shape gave the following 


mechanical properties 


Rottep Monet Mera. 
Max Yield 
Strength, Point, Elongation, 
Tons per Tons per a 
Sq. In Sq In. in 2an 
Up to lin 12-2 28-5 > th) 
lh in, to fh in 11-5 28 os 30 
I} in. to 2 yin 30 22-5 ‘ 12 
2h in. to Shin 38 19-5 7 14 
Over 34 in. . 37 21 eo Bs) 
fectanyvles 38-2 7 23°7 - $2 
3 -_ 27 ws ty 


Hexagons 


Torsional tests are not less interesting, and the average 
shearing stress from a large number of tests gave an elastic 
limit of 14 tons per sq. in., and an ultimate load of 35 tons 
per sq. in. 

COMPOSITIONS, 


Some TyYPpicaL 


Nickel. Copper. Lron. Manganese. Silicon. Carbon. 
67-1 o. we 3°85 1:87 0-14 trace 
70-27 = .. 28°64 O- 18 0-83 trace 0-06 
Os-74 .—. Bi 0-56 2-35 trace 0-10 


Considerable experimental work has been carried out 
with the object of determining the resistance to corrosion 
£ Monel metal, and although many factors enter into every 
corrosion problem, it has been found that the presence of 
even a trace of an impurity may make a considerable 
difference in its resistance to corrosion. Some indication 
of its resistance to corrosion from sulphuric acid solution 
is shown in Table LL..* while the general physical properties 
of the metal are given in Table III. 

TABLE Il 


INFLUENCE OF ACID CONCENTRATION ON CORROSION RATE OF 
Monet Meran in AERATED SOLUTIONS OF SULPHURIC AcID 
at Room TEMPERATURE, 

—— Corrosion Rate. \verage Average 
H.SO, Test Penetra Deviation 

Pieces. Max. | Mime | Av. 1 ''SGar, | Mean 

M Sq. Dm. Day. . se a 

ee | 4 bt Bs S7 93 O-O151 3°2 

l 4 144 130 130 0- 0226 3°38 

2 t 212 ISS 202 0- 0326 4-3 

‘ 12 250 IS7 219 0- 0356 5-6 

5 j 227 216 221 0-O358 1-6 
lw 1 »> | mani 215 O-O349 2-0 
LS 4 +)? 103 Lo O-O318 1-7 
25 j 144 135 139 0- 0226 2-3 
aw } il or) 56-5 o-oo? 4-0) 
75 i 31 Is 23-5 0- 0038 21-3 
S3 2 32 31 31-5 O-O0O5T 1-6 
SO ? 65 67 6 O-oLa7y 1:5 
OR°5 } 727 DS3 HOS O- TOSS ti: 1 

Period of test, 20 hours. 
Fest pieces in constant movement in circular path at rate ot 
16-75tt. per min. 
rABLE Ill 
PuysicaAL Prorertirs or Monet METAL. 

Melting point oor .1,360° C, (2,480° F.) 
Specie yravity (cast WEeTTUTTTT TT. S:°S. 


....0°319 Ib. 

ne 0-323 Ib. 
0-Q0001375 per TC, 
256 Ohms per mil.-foot 


0-O0OLL per L° F. 


Weight per eub. in. (east) 
Weight per (rolled) 

Coetlicient of expansion (20 C.-1loe ©, 
Electrical 
remp. coetlicrent 


eub. in 


resistivit\ 


electrical conduectivits Se = ..4°%) (copper 100°, ) 
Heat conductivity . that of copper 
Shrinkage wardie , lin, per foot 
Hardness cast material as i ...20-23 (Shore NS« leroscope) 
Hardness hot-rolled rods 27 (average Shore Scleroscope) 
Hardness hot-rolled rods ; 162 (average Brinnell) 


elasticity 22 00,000 23 000,000 


Modulus of 


Melting and Casting. 

Since the melting point of Monel metal is approximately 
1.3607 C 
this point for casting purposes special arrangements are 
required for melting it. Coke-fired pit furnaces are un- 
suitable, because much time would be involved in 
melting, and there is a tendency for the metal to absorb 
both sulphur and carbon, which are harmful. The former 


and it is necessary to raise the temperature above 


too 


Fraser, Ackerman and Sands in Industrial and Eng. Chem,, Vol. 19, No. 3, 332, 
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the latter should be 
from the reason pl ‘viously mentioned 


tends to embrittle the metal. whil 
kept below 0-1 
To 


desirable, and although g 


and clean melting is 
as and oil-fired furnaces of various 
cle furnaces of Hiiault 


type, or high Treq ven \ ele tric turnaces, Satisty the con 


secure sound rapid 


castings 


types are used for the purpose trie 


ditions more adequately 
when 
oT 


thux, and 
mixture 
is when dealing 
with large quantities a lime slag covering is generally pre 
ferred. All ladles and crucibles used for transferring the 
metal from the furnaces sufficiently preheated 


Melting should be carried out under a 


the melting is done in a erucible, borax 


borax and bora Tt 


or il 
acid mav be used, whet 


should by 
to conserve the heat of the metal 
For chill 


forging and rolling, 


castings that are intended for subsequent 


to raise the tem 


mouk! to be ( ompl tely 


it is only necessary 
perature enough to allow the ingot 
filled. A temperature of about 150°C 


point of the metal is generally sufticient 


above the melting 
ro meet this con- 


lition. The addition of manganese as a deoxidant is the 
usual practice, while frequently its use is followed by an 
addition of magnesium, approximately 0-15°, This, 
however, depends upon the condition of the metal, as 


magnesium tends to make the metal less fluid. The mould 
should be given a smoke dressing and warmed befor 
receiving the metal 

Certain modifications are usually made when the metal 
is to be used for sand castings An increased percentage 
of carbon is frequently an advantage, while silicon is also 


iture of the m 
nding 


the castu 


tal should 
hickness 

(; nerally, the 
20 -€ the 


may be 


beneficial. As a rule, the temp 
be hotter than for chill casting 
or 


ri 
dep on the t 
of metal and the intricacy 
temperature may range between 200 
melting point of the metal 
used as for chill casting 
The technique involved in th 


und above 


Similar deoxidants 
production of sound sand 
castings is similar that 
producing steel castings A hi 

for the moulds, whilk } 
made of silica sand 
ittention must be 


In some resp s to in 


necess iry 


thly refractory sand is 


necessary e cores can be profitably 
linseed Careful 


particularly the cores, 


bonded 


given to venting 


with oil 
to facilitate the rapid escape of air ar d gases as the metal 
for 
made for the 


enters. Larger ingates and risers necessary than 
brass castings, and adequate 
high shrinkage of the metal 
are to 
Briefly, success in the 
is dependent on many tactors, 
clean metsl of the 
fuel, low in sulphur, 


to thoroughly deoxidise the metai k ep 
high to comple telv filla mould and enable it 


ire 
illowance must be 
With many « 
shrinkage difficulty 


IsTINngs ¢ ollapsible 
overcome the 


cores necessa;ry 
produc tion of sound sand casting 
and it is important to 


high quality 


Wise 
right 


or me It elec 


compost ion limé 


trically : take precautions 


the temperature 


To feed 


tis 
large runners and risers to take care of shrinkage: tak 
ample precautions to release gases quickly use chills 
at heavy sections to enable the metal to set as near as 


possible at one time use a plumbago W ish on moulds 
Mechanical Treatment. 

Forging practice with Monel met 
of steel. It is harder under the 
losely the 
except that the oxide scale which forms on heating adheres 


remove d 


il follows closely that 


hammer than mild steel, 
resembling mor nickel steels in behaviour. 


readily 
lifficulty, it is 
minimum of scale is formed during the 


hot-rollin \ 


suitable for 


and 


this 


metal 
of 


more strongly to the is no 
forging. Be 
that the 

heating of the 
muffle-type of furnace 
purpose, as the 
with the flame and heating 


when ause necessary 


to ensure 


metal prior to forging or 


is generally more this 


metal do “s nor com into direct contact 


is more uniform. Reverberatory 


heating furnaces may be used but they 


properly controlled 


require io be 
neutral as is 
Billets 


rurnace 


an atmosphere as nearly 


ticable being im the t 


Into a 


pra 
forging may be charged direct Forging 
temperatures range from 1,050° to 1,150° C., depending on 


the class of work 


necessary tor 


and these temperatures may also be 
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used on reheating the metal for subsequent rolling. The 
maximum temperature, however, should not be exceeded, 
as the metal is hot-short a little beyond this temperature, 
and is rendered useless. Forging below 1,050° C. endangers 
the work through hardening of the metal, when it is liable 
to split or erack 

Cold-rolling Monel 
metal can be cold-rolled, and reductions in thickness up to 
W0°., are possible without intermediate annealing. It may 
also be drawn to tubes and to very fine wire. In general, 
steel dies are employed for wire drawing down to 20 s.w.g. 
but the finer gauges are invariably produced with diamond 


Wore -drawing, and Tube -drawing. 


dies. Flour forms a convenient coating on the metal when 
drawing wire. 


Annealing. 


Successful cold working of the metal depends upon the 
thoroughness of the annealing operations. There is greater 
need for avoiding the formation of scale in the process, thus 
annealing should be accomplished in a reducing atmosphere 
to prevent any oxidation that might occur if annealed in 
The general pra place the 
material to be annealed in a cast-iron box, packed with 
fine « hare oal and the box covered and sealed. The box is 
then placed in the furnace and brought up to the annealing 
Instead of packing with charcoal, to prevent 


the open. tice adopted Is to 


temperature 


excess of air, an atmosphere of hydrogen may be main- 
tained in the furnace Generally, electrically heated 
furnaces are more suitable, since they allow of more easy 


control of the atmosphere. The temperature and duration 
ot annealing necessary to render the Monel metal fully soft 


will vary somewhat, depending upon the degree of cold 


work to which it has been subjected Severely cold- 
worked metal can be fully annealed at a temperature of 
700° C., but for general works annealing it may be advan- 


tageous to adopt higher temperatures up to 800°C. The 
best temperature to use will depend on what is considered 
the efficient and most economical combination of 
factors of cold) work, temperature, and time 
The annealing temperatures for sheets, or articles made of 


most 


degree 


sheets, for example, should be between 775° and 900°C 
from which a scleroscope hardness of between 15 and 1S 
should be obtained. Rods, wires, and similar parts should 
Rapid 
cooling from the annealing temperature does not affect 
metal 


be annealed within a similar range of temperatures. 


the properties of the 
Pickling. 
When the surface of the metal is only slightly dulled it 
may be bright finish by dipping the alloy in a 
bath of the following composition : 


yiven a 
chromic acid 


Sulphurie acid 10% 
Sodium or potassium dichromate = . 1—-2°, 
Water 88—89°,, 


When the alloy is seriously oxidised it is not an easy 
matter to pickle off the scale without affecting the under- 
A solution of 4°,, nitric acid in water will 
remove the oxide, but only after long exposures of, say, 
$s a period which readers the solution not very 
satisfactory for works production. 
centration and also adding sulphuric acid will reduce the 
time of pickling, but with stronger solutions difficulties 
the Wood-lined vats will not stand up, 
while those lined with lead are unsuitable, as lead causes 

coppering of the alloy. Vats have, therefore, to be 
built of brick set in sulphur-impregnated cement, or lined 


lving surface. 


hours, 
Increasing the con- 


arise with vats. 


with one of the proprietary acid-resisting linings. 

Various other sodium nitrate, 
sodium chloride, and sulphuric acid have been used from 
to while strong solutions of sulphuric acid or 
hydrochloric acid, to which ferric salt has been added, may 
be employed. It is necessary to emphasise, however, that 
the pickling of Monel metal should be avoided if at all 


solutions containing 


time tim 


possible, and the aim should always be to keep down the 
formation of oxide scale during heating and mechanical 
operations. 
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Soldering, Brazing, and Welding. 

Monel metal can be soldered, brazed, or weided quite 
easily as long as precautions are taken regarding cleanliness, 
freedom from oxide, ete. In regard to soldering similar 
fluxes, solders, tools, and methods are used as for copper. 
When sheets or wire are to be soldered, care should be 
taken that the last annealing operation has been properly 
done under thoroughly reducing conditions, otherwise an 
invisible film of oxide will interfere with the operation. 
The metal may be silver-soldered by using a blowpipe or 
torch with a saturated solution of borax applied to the seam 
before silver-soldering. 

The practice of welding Monel metal is similar to that 
followed in welding low-carbon steel. It is readily welded 
by the oxy-acetylene, metallic-arc, carbon-arc, spot, and 
resistance welding methods. In every absolute 
cleanliness of the metal and of the welding rod, where used, 
is essential to success. A wash over with a strong solution 
of borax is often helpful. When using the oxy-acetylene 
a sulphur-free gas must be employed, and the 
reducing or central part of the flame utilised. A good flux 
for oxy-acetylene welding consists of borax crystals, boric- 
acid crystals, water glass (sodium silicate), and water. 
Equal parts by volume of boric acid and water glass should 
be used, first dissolving the mixture of one part of borax and 
one part boric acid in hot water. For five or six ounces of 
a pint of water is required. The water glass 
is diluted with about half its volume of water, and then 
the dissolved borax and boric acid are mixed into it. This 
preparation can be kept in a covered container when not 
in use, and it will remain in good condition for a consider- 
able time. The flux should be applied to the seams or 
joints just prior to welding. 


case 


pre ICCSS, 


each about 


Precautions are against oxidation when are 
welding and the welding rods are profitably protected by 
It is important to make sure that 
the welding rod is the positive electrode—i.¢., the converse 
of what is usual when are-welding steel. Thin sheets up 
to bs in. should be welded with flanged edges, either by 
carbon-are or oxy-acet vlene flame. Above this the edges 
should merely be butted, and over Lin. they should be 
givena 45 angle in addition. On long seams and on metal 
over Lin. thick, a separation of } in. to 3 in. per foot may 
be allowed. 


necessary 


one of the usual covers. 


Applications. 

The technique of manufacture and fabrication of Monel 
metal into articles of various types has advanced con- 
siderably, and the industrial applications are now so 
numerous that it is only possible here to make brief reference 
to some of its Its resistance to attack by super- 
heated steam, and its retention of strength at steam 
temperatures, permit of its use in many directions in 
both land and marine power plants for such parts as valves, 
turbine blading, corrugated joint rings and springs which 
have to handle steam at high pressures and high superheats. 
It is being used increasingly for condenser tubes for high 


USCS, 


pressure marine installations, because of its comparative 
immunity from tube deterioration. Its mechanical and 
corrosion-resisting qualities allow of a reduction in wall 
thickness of the tubes, with a resulting reduction in the total 
weight of a condenser installation. A high degree of 
resistance to attack by sea water makes this metal par- 
ticularly suited to a wide range of service in connection with 
marine engineering. 

In water-power plants advantage is taken of the resist- 
ance of this material and erosion, as, for 
instance, in its adoption for castings for needles and 
nozzles used in controlling jets on Pelton wheels. In 
chemical engineering, when it is essential that corrosion 
in many processes should be infinitesimal to prevent con- 
tamination and discolouration of the product, while in 
some parts of chemical plants and by-product plants 
materials are required which will give a reasonably long 


to corrosion 
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life under severe corrosive conditions. Monel metal has 
been found to satisfy many requirements in these plants, 
being employed for evaporator tubes and tube plates, 
filter cloths, autoclaves, agitators, driers, and drying trays, 
and centrifugals for the drying of such products as sulphate 
of ammonia. 

It is also extensively employed for parts of machinery 
used in the manufacture of artificial silk—e.g., for sprayers, 
nozzles, Tophan box springs, and in textile plants for such 
parts as linings for dye-vats, dyeing beams, steaming cans, 
rollers, buckets, dippers, and cages for rotary dyeing 
machines. 

In food-handling plants, Monel metal is being used for 
a wide variety of parts both in processing and packing 
industries. In another direction advantage is taken of 
the resistance to oxidation by employing this material 
for linings and trays in high-temperature ovens. 

In cases where the attack is very severe this material 
hes been found of value—as, tor instance, in pickling 
equipment, where it is employed for crates and racks for 
the pickling of steel chains and hollow-ware prior to vitreous 
enamelling, for hooks and chains for the pickling of steel 
wire and tubes, and for crates and hooks for the pickling 
of cast-iron cylinder blocks and alloy drop-steel forgings, 
ete. 

The combination of strength and corrosion-resistance 
feature of considerable importance when weight 
for instance, in aeroplane 


iv a 
reductions essential, as, 
manufacture. This combination of properties has led to 
the use of Monel metal for floats for seaplanes, petrol tanks, 
and wheels for amphibians. 

A marked feature of modern development in the archi- 
tectural realm has been the growing appreciation of white 
metals for decorative constructional work. In this con- 
rection Monel metal enjoys a wide popularity, since it 
possesses, in addition to a white soft lustre, a combination 
of physical and chemical properties which render it a 
practical as well as an ornamental material. For internal 
and external decorations, shop fittings, furnishings, restau- 
rant equipment, and commercial and domestic 
fixtures it is being increasingly used. 


are 


other 


STABILISING METALS BY 
MAGNETISM. 
16.) 


(Continued from page 


therefore been 


A much more powerful magnet has 
consists of a 


constructed, and is shown in Fig. 14. It 
horseshoe magnet with two tables, which are made adjust- 
able, so as to provide a gap 12in. long and variable in 
width. The adjustable gap gives a ready means for varying 
the strength of the magnetic field, and both tables are 
reversible for the purpose of providing a concentrated field 
in a short gap of any desired width. 

The rotary treatment is given by placing the article 
across the gap and rotating it once so as to effect a change 
of polarity through 360°. High-speed steel is usually 
treated at temperatures of 150° to 200° C., but since the 
treatment only occupies a few seconds it is sufficient to 
heat the tool in a bath and transfer it while still hot to the 
magnet table. A gutter is provided to protect the coils 
from any liquid that may be present. 

The stabilising treatment is given several hours later, 
being so timed as to coincide with the particular phase of 
the hardness fluctuations which it is desired to render 
permanent. Stabilisation is effected by placing the cold 
specimen across the gap for a short period. 

The magnet is designed to work from the mains when 
direct current is available, and suitable transforming and 
rectifying apparatus can be provided for alternating 
current of any voltage and periodicity. 
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Surface Protection of Light Alloys. 

THe industrial applications of light alloys are 
gradually increasing as the difficulties formerly 
associated with these alloys are being elucidated. 
Protection probably offers the biggest problem, and many 
scientific investigations have been concentrated on methods 
of surface protection likely to overcome the characteristic 
properties of these alloys and effect suitable protection 
These were discussed by H. Sutton, M.Se., A.F.R.Ae.S., 
in a paper entitled “ Protection of Metal Parts of Aircraft 
Against Corrosion,” which he delivered before the Royal 
Aeronautical Society recently, and made special reference 
to aluminium and magnesium and their alloys. 


Protection of Aluminium and Aluminium Alloys. 

The protective measures applied to aluminium = and 
aluminium alloys he stated, have shown several inter 
esting and useful advances. Perhaps the most striking 
developments are those which have resulted in the success- 
ful use of aluminium as a pigment in enamels for use on 
light alloys, and in the use of high purity aluminium 
coatings. The use of aluminium as a pigment in enamels 
is not by any means new, but marked advances appear to 
have been made in the production of enamels, both of the 
air-drying oil-base type and the cellulose-base type. 

The aluminium-cellulose enamels applied over a suitable 
oil undercoat have been particularly successful for the 
protection of duralumin hulls, floats, and exposed light 
alloy parts of marine aircraft. Experience has indicated 
that even under the comparatively severe conditions of 
exposure to tropical marine conditions this combination 
of enamels has been found capable of giving satisfactory 
protection. In all cases, protection has been best when the 
enamels are applied to anodically treated surfaces. The 
mere presence of the oxide film on the surface of anodised 
pieces does not necessarily permit the omission of an 
under-coating ; in certain cases the anodic film appears 
to be somewhat low in absorbing power. The use of an 
under-coating appears at present inevitable, even on 
anodised surfaces. As regards reflecting properties, both 
aluminium and zine oxide pigmented enamels are suitable 
for use on metal structures in tropical climates. 

The now general use of temporary preservatives on light 
alloys in the form of raw material in store, or pieces under- 
going the various stages of manufacture, has proved of 
much advantage in securing a satisfactory condition of the 
material at the beginning of its service life. 

The aluminium-coated duralumin sheet, first produced 
commercially under the name Alclad, consists of a sheet 
of duralumin, each surface of which is covered by a coating 
of aluminium firmly alloved to the underlying duralumin 
No separation of the coating occurs even under bending 
of the composite sheet The initial strength of the coated 
sheet is, as would be expected, somewhat less than that of 
a normal duralumin sheet of similar thickness. As with 
duralumin, cold water is much preferable to hot as the 
medium for quenching in the final heat-treatment of 
Alclad The method of protec tion is one conveniently and 
effectively applied to sheets, and its use on tubes, bars, and 
sections appears to be a probable development. Unprotected 
Alclad has given promising results when used for floats 
and hulls, but apparently needs protection against marine 
growths which develop under immersion conditions, and 
tend to set up corrosion Anodised Alclad is very highly 
resistant to corrosion 

Several methods of producing an oxide film on the 
surfaces of aluminium and its alloys have been developed 
for protection against corrosion It is probable that the 
one which has been found of most general use in aircraft 
production is the fengough anodic oxidation process.* 
An incidental advantage offered by the process is the way 
in which it shows up material defects. Any defects, such 
as laps, cracks, porosity or coarse grain, are usually reveale dl 
by this process if they occur at surfaces under treatment 
As a preparation for anodic oxidation it is sufficient to 
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remove grease with a solvent—e.g., solvent naphtha—as a 
precaution against contamination of the bath, rather than 
as a necessity for the production of a satisfactory oxide 
film. The process cleans the work very satisfactorily, and ail 
adherent foreign matter is removed by action of the evolved 
Vases. 

Protection of Magnesium Alloys. 

The protection of magnesium alloys against corrosion 
presents a difficult problem on account of the high chemical 
reactivity of magnesium. Eleetro deposits of zine or 
cadmium, which have been shown to be of great value 
in the case of aluminium alloys, appear rather to aggravate 
the corrosion of magnesium alloys when in contact with 
saline solutions. The same results have been obtained with 
deposits of more noble metals than either of these. It is 
not practicable to plate magnesium with metals less noble 
than itself as this involves the use of metals such as cal- 
cium or barium, themselves too reactive for ordinary use. 

Much greater resistance to such corrosive agencies is 
obtained by films produced by chemical immersion processes 
involving the use of chromates. A bath which has been 
extensively used is one containing 10°, of nitric acid and 
15°,, of potassium dichromate, the work being immersed 
in the bath for a few seconds until the surface becomes of 
a clear brown colour. This treatment gives a very fair 
resistance to corrosion under moderately severe conditions 
of exposure, particularly if the work be subsequently 
enamelled with a cellulose enamel of good quality. A 
disadvantage of this bath. however, is that owing to its 
highly acid nature a considerable amount of metal is 
removed during treatment This renders the method un- 
suitable for work which has been machined to fine tolerances. 

The present position as regards the use of magnesium 
alloys in aircraft construction appears to be that though 
a considerable amount of protection against marine 
corrosion is obtained by the use of chromate treatment and 
supplementary protectives, the degree of protection 
obtained is not sufficient to cope with the most severe 
conditions prevailing in certain parts of marine aircraft, 
notably the parts which come into contact with the sea or 
are close to the water-line 
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the lower pair, as in the case of operation on a two-high 
reversible mill. The application of a mechanically operated 
lifting table, such as is shown in Fig. 4, to the double duo 
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Platform 





Feed table— 


Inclined table 


























Fig A Showing principle of operation 
of the double-duo mill (after James) 4 





mill has been patented by James.2. The screw-downs of 


this type of mill are motor-driven and operated by remote 
control. 

In the United States the double-duo mill has been used 
by the Aluminium Company of America for the hot break- 
down operation on aluminium sheet ingots. 

(To be continued.) 


2 U.S. Patent 1,367,052, February 1, lez. 
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Recent Developments in Tools 
and Equipment. 


An Improved Potentiometer Pyrometer. 


HE importance of being able to record temperatures 


with accuracy and reliability cannot be over 
estimated. In many cases labour can be sub 
stantially reduced when a process is standardised and 
permanent temperature charts become available. Tt may 


also result in a more efficient use of fuel by a reduction in 
the duration of treatment or through the elimination of 
undesirable temperature variations Hence, recording 
pyrometers should be regarded as tools by which quality 





raised, production increased, and cosis reduced. if 
full advantage is taken « 


A notable 


achieved by the 


can be 
f the benefits arising from their use 
has bre nN 


advance in industrial 


Leeds and Northrup Company with the 


ps rometrs 


recent introduction of an improved potentiometer, shown 
in Fig. | This 


as a result of a 


has been made possible 
Micromax,” 
new order oi 


improvement 


device. known as the 
the 


The outstanding advantages claimed 


new 


which has given to potentiometer a 


constant accuracy. 


for the Micromax Potentiometer may be classified as 
follows 
l It banishes the effects of 


electrical) resistance variables 
from the measurement of tem 
perature, 

2. It standardises the poten 
tiometer circuit: automatically 
and eliminates the operater for 
this important operation 

s. i the necd for 


adjustment of the mechanical 


removes 


device which balances the 
potentiometer 


the thermo-couple circuit. 


circuit) against 


4. It does away with the Si nd nstant te 
mechanical clearances between perat it thermo-couple. 
moving parts formerly neces Circuit is balanced and 
sary in balancing pointer is at centre. 

5. It necessitates no more P unclamped and 


operations than feelers are open 
cemperature- 


maintenance 
the crudest of 
recording devices. 





Showing by 


Micromax requires only to be supplied with ink, paper, 
and, at long intervals, with oil and a dry cell replacement. 
It standardises its electrical circuit automatically at 
intervals of forty-five minutes or less, and responds to 
galvanometer pointer deflections as small as 1/1,000th of 
an inch. Its recording steps are very rapid; they can be 
microscopically short or, in response to maximum pointer 
deflection, can be-as long as 1 in. each, and so rapid as to 
cross the entire chart in less than 22 sees., and it is important 
to note that stepping requires no service adjustments. 

While the sensitivity of the instrument has been greatly 
increased the improvement been effected with a 
substantial increase in robustness of the galvanometer. 
Mechanical mechanical clearances, as well as 
electrical resistance be disregarded. The 
pen movement is related directly to the extent of the 
temperature change as indicated by the amount of pointer 


hs 
nas 


wear and 
variables, can 


deflection. 

The e.m.f. which is set up in the thermo-couple is 
balanced in the circuit automatically by the micro- 
scopically sensitive Micromax balance, and the value of 
the e.m.f. is shown in degrees of temperature. It is because 
the electrical circuit of the instrument is balanced that 
resistance Variations can be disregarded. The mechanism 
which balances the known e.m.f. of the potentiometer 
circuit against the unknown e.m.f. is simple, and needs no 
Briefly, a pointer is clamped and _ feelers 
close on it, as in Fig. 2, which throw a clutch-arm to a 
definitely corresponding position. A heavy spring then 
clamps a clutch-arm against a ¢ lutch disc, and wiping cams 
turn the clutch disc to the new position, moving as one 
unit the potentiometer slide-wire and pen drive. The 
pen is direect-connected, without lost motion, to the clutch 
disc, and the slide-wire is direct-connected to the clutch. 

Independent of wear, the balancing device is operated 
by three cams, which are all in one piece and permanently 
mounted on the same shaft as the wiping cams that move 
the clutch. All parts are relatively large and built for 
service, and are driven by a powerful recording motor. 
The galvanometer has a larger percentage of * free time ” 
than is usual in an industrial potentiometer pyrometer. 
The balancing device clamps it during less than 35°, of the 
since a complete cycle of the mechanical 
the pointer is free 
This gives it ample 


adjustment. 


time. Thus, 
balancing is completed every 


2 secs., 


during about 1-5 sees. of each evele. 





has 


Temperature 
changed. Clamp grips 
pointer and feelers close 
on it in unbalanced post- 


1 on it 





feelers the - ne on Clutch moves in- 
and found it in balanced stantly to new position, 
position Clutch station grips dise, and cams 
ary, therefore temperature move slide wire and pen 
record stationary fonew position, 


ntrol of the pend 


illustrations the 





time to deflect to the full extent of the electrical impulse 
it receives, or to the full extent of its the 
mechanical stepping of the recorder pen is directly related 
to the extent of pointer deflection, this longer ** free time ” 
means that a temperature departure is recorded more 


are. Since 


quickly with fewer steps. 
This device at 
the sensitivity, 
and also makes possible 
the use of a 
and more 
vanometer. 

Because the electrical 
circuit of the instrument 


once in- 


creases 


stronger 


rugged gal 


is balanced, resistance 
Variations as at corroded 
thermo-couple A, at con- 
tacts B (Fig. 3), at 
switches or elsewhere, can 

Extra 
wire, of 


be disregarded. 


lengths of 


any length, as in coils 
C or D in Fig. 3, can be 
switched in or out of 


circuit, and they may be 
run through extremes of 
heat without detriment 
to constant accuracy \s 





many as sixteen thermo- 
couples of different re 
sistance can be connected 





successively to a singh 


instrument, and however I . — I 7 ' 
much the distances at os f 
which the indicators or ’ 
recorders are plac ed from 

the thermo-couples, the readings given are identical 


Fundamentally, the instrument is unchanged electrically 
In this respect the potentiometer is the same reliable tool 


cle tailed 


potentiometers 


and the mechanism embodies all the refinements 


which long experience on industrial has 


shown to be desirable. In no sense should this improve- 


ment be regarded as experimental, as the company state 
they have tested it thoroughly 
ditions, and now present it in all models as a basic advance 
in the reliable industrial 
It is of interest to note that users of Leeds and Northrup 


their 


under actual plant con- 


measurement of temperatures 


potentiometer pyrometers can have present instru 


ments converted into “ Micromax ” pyrometers at nominal 


cost, in their own plants, with little on 
Further 
be obtained 
Britis! 


no interruption to 
this 
Integra Co.. 


information regarding 


improved 
Ltd 


agents of! Leeds and Northrup 


service. 
pyrometer may from the 
who are the 
Company 


Self-tapping Metal Screws. 


Two new types of hardened screw have been developed 
which appear to have some outstanding advantages for 
making fastenings to sheet metal and for other assembly 
work. The new products, stvled A and Z types respectively, 
are not driven in with a hammer as is the original or U-type 
screw, but they are turned into position with a screwdriver 
cutting their own thread as they penetrate the metal. 

The threads like of the ordinary 
wood screw, and they enable the screws to be turned into 
steel, die 
wood is turned into wood, 


those 


are somewhat 


metal, such as brass, iron, aluminium, and 


castings, ete 
without stripping or otherwise injuring their own hardened 
thread or the thread they make in the material. Fastenings 


just as a screw 


that result from their use are more efficient than those 
obtained with machine screws, for they remain secure 
under intense vibration and the most severe service 


conditions. 
Self-tapping screws of these types offer an easy, cheap, 


and quick way of joining and making fastenings to sheet 
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metal, and they can be removed when necessary, and used 
over again in the same holes without impairing the strength 
of the fastenings. The A type screw is tapered, and is 
intended for joining light gauges of sheet-metal, also metal 
to wood, while the Z type is parallel, and suitable for 
material of heavier gauges. Tapping operations with all 
the usual auxiliaries are dispensed with, and all that is 
necessary to secure a perfect fastening is to drill, punch, or 
pierce a hole of the correct size in the material and then 
screw in the screw either by hand or power. 

These screws are rapidly being appreciated as ideal for 
making fastenings on electrical apparatus, for assembly 
work in general machine shops, motor-car bodies, aircraft 
work, railway coach and locomotive assemblies, in the 
manufacture of wireless outfits and parts, metal partitions, 
and electric ranges, refrigerators, erection of metal 
garages and buildings, and, in fact, for countless applica- 
tions in practically every industry where metal is used. 
as the best means of securing 


gas 


They are being regarded 
perfect fastenings. 
Information regarding these screws 
from the distributors, Messrs. Buck and 
Whitechapel Road, London, E. 1. 


can be obtained 


Hickman, Ltd., 


Phosphor -bronze Castings for Gear Blanks. 


A British Standard Specification providing for the 
chemical composition and physical properties of phosphor- 
brouze castings for gear blanks has been issued by the 
The specifica 
and 


British Engineering Standards Association. 
tion covers centrifugal castings, chill castings, 
castings, and the manner of providing test samples for 
each of these methods of casting and for castings of various 
Brinell 
dealing 
the castings from 


sand 


hardness 
with 


weights, is detailed. Tensile tests and 
tests are spec ified, whilst 
testing facilities and the 
defects are included 

Copies of this specification (B.S.S. No. 421-1931) may 
he obtained from the Publications Department, British 
Engineering Standards Association, 28, Victoria Street, 
S.W.1. Price 2s. 2d. post free 


general clauses 


freedom. of 


STEEL FURNACE REPAIRS. 


(C'ontinued from page Is. 


be thrown over the new repair, especially over the tap-hole 
and the bank above it. 

Chipping the Hearth. During the process of warming-up, 
it will be noticed that the hearth will chip—that is, the 
top laver will crack, with the result that pieces become 
loose. These should all be broken off with a rabble and 
raked out. It is quite easy to get high places down two or 
three inches in this way, and the opportunity should never 
be neglected. 

Care of the Tap-hole After repairs to the furnace, an 
old bottom, on relighting, will soon make slag. This will 
collect in a pool in the centre If the plug has not been 
completely burnt out or removed, the slag will penetrate 
half-way down the tap-hole and set there hard and solid. 
This will necessitate probably an hour’s hard work with 
hammers and bars before it can be removed, to say nothing 
of the consequent damage to the tap-hole. At the first 
sign of slag forming, the plug, if it has not already burnt 
out, should be knocked out. The tap-hole should then 
be closed securely, so that no slag will penetrate. When 
the furnace is hot enough for charging, the tap-hole can be 
opened out and the slag run off, after which the hole can 
be dried up and closed again. 

I have given in this article a typical time-table showing 
the time limits in which this class of repair should be 
carried out, because [| know from experience that the 
operation is often unduly prolonged, and much valuable 
time and tonnage lost in consequence. 
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Some Recent Inventions. 


Die-casting Crank Cases. 


THE design of suitable dies for the production of aluminium 
crank cases is one of the many difficulties associated with 
die-casting. In order to obtain good results it is necessary 
to reduce flow marks and porosity in the castings to a 
minimum, and produce a highly finished surface. Recent 
improvements in a die design are claimed to effect these 
advantages. 

The accompanying drawings, Figs. 1 and 2, show a plan 
and longitudinal section, respectively, of a modified die 
design used for casting crank cases for a 7 h.p. Austin 
engine, in which four cores and five die segments are used. 
As will be seen the crank case is cast with its axis horizontal, 
and it is arranged for the metal to flow horizontally from 
the start to finish. 
which are the primary feature of this design, are arranged 
at opposite sides approximately level with the axial line 
of the mould. 


For this purpose two separate runners, 


The pouring is arranged simultaneously at 
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the entrances B, B; the metal poured gradually rises in 
the mould and when pouring is completed the runners are 
filled and act as risers, in the same way as the risers A, C, 
D. FE. F. G. H. J. K. and L. In Fig. 1 the die is shown 
assembled, while Fig. 2 shows the die segments dissembled 
but with the casting still in position. The side and end 
members of the die are advanced or withdrawn by 
customary methods, while the upper segments are lifted 
and lowered manually or by means of suspending devices, 
but it is a feature of this improved die that the segment N 
is formed with an inner radial bridge-like portion to form 
the upper wall of the mould in which part of the flv-wheel 
chamber is cast. 

Assuming the die is assembled and a crank case has been 


cast, the end members are first withdrawn, after which the 


upper segments are lifted, and then immediately after- 
wards four side segments are withdrawn leaving the casting 
free to be moved preparatory LO the removal of the sand 


core ©. 
384.458. MARSHALL Castines, Lrp., ALBERT RADCLIFFE 
and Joun Bippetyt, of Metallurgical Foundries, 


Fuery, Agent. 


1931. 


Geo. T. 
May 22, 
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Ingot Moulds. 


THERE are various designs of moulds used for steel ingots, 
but, broadly speaking, they may be classified as rectangular, 
round, and octagonal designs. Each type of ingot has its 
own special uses, the particular shape having been found 
by experience cither to facilitate rolling or forging or to 
reduce the possibility of rupture during the operation. 
For rolling purposes the ingots are usually square in 
section, with the corners rounded off, but the production 
of sound ingots has always presented difficulties, whatever 
their shape. The high shrinkage of the steel causes piping 
and porosity to develop in the cooled-down ingot, and 
although special feeding heads have been designed in the 
moulds the ingots are still somewhat porous, and for certain 





purposes it is necessary to scrap a substantial part of them 
to remove the affected parts 

An improved type of mould has been developed which 
is more particularly adapted for use when the ingots must 
be substantially free from the defects mentioned. In the 
usual process of casting ingots the last part to cool is at 
the top, and this part is generally discarded, but in any 
given cross-section of an ingot the last part to cool is the 
centre. Solidification of the metal in the ingot mould is 
progressive from the sides of the mould, and it is probable 
that at a certain point simultaneous freezing takes place 
about the centre. This central part also cools progressively 
from the bottom to the top with the greater amount of 
segregation and resultant piping at the top which is 
contained in the discarded portion of the ingot. Under 
present however, the centre of the ingot is fre- 
quently defective. This improved mould design has for 
its objec t the removal of this central defect as well as the 
top portion of the inget. The approximate amount of 
metal discarded in this methed may be from 10 to 30°, of 
the original weight of the ingot, and this is taken mainly 
from the central part of the casting. When a high degree 
of perfection is required, as much as 50°, of the original 
weight may be removed from the central portion. 

The ingot is cast in a mould having recesses which form 
longitudinal flanges of substantial size on the ingot. Any 
shrinks, pipes, or porous structure which may be present 
will be in the central portion, leaving the flanges free from 
defects. These flanges are separated from the relatively 
porous body portion, and are worked according to requite- 
ments. Some suggested shapes of ingots and their moulds 
are indicated by the cross-sections in the accompanying 
illustrations. In casting these ingots, the metal is poured 
in the usual manner, preferably through a hot-top. 

348,426. FrRTH-STERLING STEEL Company, of Allegheny 

County, Pennsylvania, U.S.A., patentees. Messrs. 
White, Laugner, Stevens, Parry and Rollinson, agents, 
5-9, Quality Court, Chancery Lane, London, W.C. 2. 
Accepted May 14, 1981. 
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Moulds for Casting Copper. 


IN casting copper to form cakes, billets, or other shapes 
for rolling it has been found desirable to use one-piece 
moulds and in order to limit weaknesses in the structure 
of the metal due to the formation of oxide casting is done 
vertically. For casting copper in such vertical moulds it 
has been customary to give the mould a considerable 
taper to facilitate the removal of the casting. This involves 
disadvantages, especially in the production of slabs for 
rolling into sheets or strips, as it causes the sheets to vary 
in width. For the most economical rolling, the slabs 
should be parallel or very closely approximate to uniformity 
of thickness. 

Difficulty is experienced with one-piece moulds in 
constructing them with water-cooling jackets. Moulds of 
built-up iron or steel are expensive in proportion to their 
durability, and their cost per unit casting is excessive, 
due either to the original high cost of the moulds or to 
their short life. The object of a recent improvement in 
moulds for this purpose is to overcome these difficulties 
In construction the mould is made from a single block of 











metal, the shape of the re 
quired slab extending from 
end to end of the mould and 
formed by drilling from the 
solid, or by casting or forging 





The walis are kept sufficiently - 
thick to provide for a water Fig. 4 


jacket, which is formed by 
drilling holes, as shown in Figs. 1 and 2, and connecting 
them so that inlet and outlet connections can be arranged 
as at Aand B. The internal face of the mould is preferably 
machined and a slight taper may be given 
The method is similarly applied to moulds for cylindrical 
billets, as in Figs. 3 and 4. In each case the bottom is 
closed during the casting operation, and in order to assist 
the discharge of slabs or billets a drop bottom is arranged 
so that when released it swings clear 
In this way a weldless mould is formed with an integral 
water jacket which provides for effective cooling of the 
mould, and it is claimed that these have been proved to 
have relatively low initial cost and a total life greatly 
exceeding that of any moulds made of similar material 
previously used for this purpose 
The method certainly has a number of interesting 
features, and although the initial cost of moulds of this 
type will be greater than those in general use, the claim of 
longer life may compensate 
348,333. THe AMERICAN Meta Company, Lrvp., 61, 
Broadway, New York City, U.S.A. Messrs. Boult, 
Wade and Tennant, Agents, 111-112, Hatton Gardens, 
London, E.C. 1. May 14, 1931. 
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A New Range of High-duty Aluminium 
Alloys. 


AN improved series of aluminium alloys has been developed 
in which copper, chromium, and molybdenum are added to 
aluminium in minor proportions, and, if desired, titanium 
may also be employed, while in the final alloy a small 
percentage of iron will be present as an impurity. This 
improved range of alloys is claimed to possess the desirable 
characteristics of high tensile strength, tenacity, and 
ductility, and may be cast or worked with or without the 
necessit \ of additional heat-treatment to bring out these 
special qualities. The range in composition of these alloys 
is included between the following limits : 


Aluminium. Copper Chromium. Molybdenum. Titanium 


85 96°, 3— 10° O-75-——5° 0- 10—5°, ooo 


In preparing the alloys, the aluminium is first melted 
toa bright red heat, when calcium boron fluoride is added 
to cleanse the metal and prevent oxidation. The copper, 
chromium, and molybdenum are then added in order, and 
subsequently titanium, if it is required to be employed. 
The molten mass is kept at a bright red heat at all times, and 
is stirred well before being cast 


350,357 RUSELITE CoRPORATION, Milwaukee, Wis- 
consin, U.S.A., patentee. Messrs. F. B. Dehu and Co. 
agents, 103, Kingsway, London, W.C.2. Accepted 


June Tl, 198l. 


Use of Natural Gas in Reduction of Zinc. 


The equivalent of coal at S1-20 a ton represents the fuel 


reagent expense of the new methane-gas process of zine 
reduction, made public at the meeting of the American 
Zine Institute, St. Louis, by R. S. Dean. Chief Engineer. 
Metallurgical Division, United States Bureau of Mines. 
Department of Commerc: The process is the invention of 


Charles GG. Maier, metallurgist at the Pacific experiment 
station, Berkeley, California. It follows three vears of experi 
mental study by the Bureau of Mines, to determine if: zine 
smelting costs could be reduced and high quality maintaimed., 
In view of the recent decreasing returns from zine production 
this solution is timely, as by this discovery zine of electrolyti 
purity is claimed to be producible with comparative economy. 
This is a significant application of exact knowledge of funda 
mental chemical and vtellurgical laws to the practical! 
requirements of industry. “To maintain the smelting industry 
on a profitable basis its methods must be mproved from the 
standpoint of conservetion of energy and labour. These 
considerations mean the better use of fuel and large-size direct 
acting reduction units. It is in just these latter directions 
that a precise knowledge of chemical fundamentals may be 
expected to define the limits of imaginative possible projects ; 
and if the smelting industry makes full use of the chemical 
data new available, it can not fail to improve the practice of 
smelting, and may even attain the recurrent goal of the zine 
metallurgist-the so-called direct smelting of zine to liquid 
metal. Quantitative physical chemistry is now able to point 
out under what conditions and by what means this is a 
physical possibility 

Thermodynamic celeulations enabled the prediction ot the 
chemical combination of zine oxide from the ore, and of 
methane or natural gas at a certain temperature. This degree 
of heat, less than 1,000°©., is comparatively less than that 
required in other methods, and is vitally effective in economy 
of plant construction and of operation. 

The use of natural gas in the new process will have many 
important effects. It is particularly suitable for continuous 
countercurrent operation, permitting high extraction of zine 
without interruption. The undesirable formation of blue dust, 


a mixture of 10°, oxide and 90°, of impalpable zine powder, 
and difficult to control in the older dry processes, can be 
practically eliminated by it There is no expense for gas 
producer equipment to convert coal to gaseous fuel. The 


fuel economy is high, as 12,000 cub. ft. of methane at 10 cents 
per 1,000 will reduce | ton of metallic zine, for which 1 ton 
of coal would otherwise be required. Natural gas may 
advantageously employ some of its present immense capacity 
to the economic benefit of what is the third largest non-ferrous 
mineral industry in the United States. 
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Business Notes and News 
Quick Unloading at the Port of Manchester 


Recently the s.s. Lilburn, with a cargo of 2,289 tons of iron 
pyrites from San Juan, was discharged at Lrwell Park Wharf 
in 11 hours. Four cranes were involved, which completed 
the work in a total of 44 crane-hours, making an average 
discharge at the rate of 52 tons per grab crane per hour. 

This speed has just been exceeded, at the same berth, in 
the case of the s.s. Konstan, from which a cargo of 2.347 tons 
of ore from San Juan was discharged in 30 crane-hours, an 
average of 78 tons per grab crane per hour. This is 50°, 
quicker than the case of the s.s. Lilburn, the Increased speed 
being due to the eargo being stowed conveniently beneath 
two large open hatches, and to the soft quality of the ore, 
which permitted the cranes to lift) the full) weight of 
2 tons LO ewts. in each hoisting. The cargo was loaded direct 
to main line wagons tor conveyance to Draper ial Chemical 
Industries’ works at Deighton. 


Ironworks’ Merger. 

An amalgamation of Cumberland Iron and Steel interests 
is announced, Millom and Askam Hematite Tron Company 
having acquired all the interests of the North Lonsdale 
Iron and Steel Company. 

Mr. G. H. Muriel, secretary of the North Lonsdale Co., ina 
communication to the shareholders, says : The Board desires 
me to point out to vou that they are satisfied that any amalga 
mation of the interests of both these companies must be of vers 
vreat benefit to both of them. not only im the reduction of 
costs, but also of competition and in other ways.’ 

Iron ore supplies in’ Furness are getting scarce, while the 
Millom and Askam Co. possess extensive mines in Cumberland 
and also at Alquife, Spain. Under the terms of the agreement 
the Millom and Askam Co. offer the shareholders in the North 
Lonsdale Co. shares in the Millom and Askam Co. in exchange 
for their holdings m the North Lonsdale Co, 


Diesel-electric Rail Car. 

The completion of the first of the Diesel-cleetric rail cars 
has been announced at the Seotswood Works of Sir W. G. 
Armstrong Whitworth and Co. (Engineers), Ltd. These cars 
are expected to be running on British railways shortly. Tests, 
are bemg made on special tracks laid at the Seotswood Works 
and further trials will be earried out on the London anid 
North-Eastern Railway, under the supervision of Mr. W. ON, 
(hreshey 

The new rail coach, which is of 250 b.hip.. is capable ot 
carrying 60 passengers and luggage at 65 miles per hour It 
yenerates its own electric power, and can be driven from 
either end: in addition it is capable of hauling one or two 
additional coaches, from either of which it may be driven 
thus avoiding the need for shunting or turning. tn regard to 
running, it is claimed that the costs are not more than halt 
of those incurred in. a steam locomotive service of the same 


capacity, and only one man is required to operate each car. 


Steel Rolled Expeditiously. 

It is frequently asserted that British steel plants are not 
adequately equipped to meet modern requirements, and while 
this is no doubt true in some instances, these exceptions do not 
suffice for such a sweeping statement An example of what 
can be done by British steel plants when an opportunity is 
presented, has been afforded recently by the United Strip 
and Bar Mills of the United Steel Companies, Ltd. 

A “rush” order was received for a large quantity of steel 
bar, amounting to 375 tons. The mill commenced work on 
this order at 11-20 a.m. the same morning the order was 
received At 11-10 ptm the same dav the rolling was com 
pleted. By 1-40 a.m. the following morning the whole of the 
material had been inspected, tested, and loaded, and it was 
delivered to a destination 76 miles distant by 5-40 a.m. 
eighteen hours from the commencement of the work 

The magnitude of the task will be understood when it is 
realised that this tonnage of steel re presented 74 miles of bar, 
all rolled and delivered in much less than 24 hours. Although 
no attempt was made to break records, the feat undoubted! 
reflects great credit upon the workpeople concerned, the 
Inspection and rail transport organisations, and upon the 
management. It also indicates the capacity of the mill 
equipment for dealing with such work expeditiously, 


METALLURGIA 31 


Foundrymen Meet at Preston. 


For some time there has been a movement afoot to form a 
sub-section of the Lancashire Branch of the Institute of 
British Foundrymen at Preston. The Lancashire Branch 
have taken the matter up with enthusiasm and organised a 
propaganda meeting which was held at Preston on November 4, 
at which Mr. F. W. Rowe delivered a lecture on cast iron. 
He referred more particularly to the fundamental character- 
isties underlying the use of cast iron in industry, and empha- 
sised the advantages and disadvantages of its various physical 
properties in relation to other materials. The disadvantage of 
brittleness, under which cast iron laboured, was discussed, 
and it was stated that the possibilities in this field of research 
were very wide, and not without the possibility of profit. 

The possibilities for future improvement were outlined, 
particularly in relation to alterations in melting practice to 
secure greater regularity and improved physical properties. 
The recent tendency towards dissatisfaction with the old- 
fashioned methcds of working the cupola was indicated by the 
humerous improvements suggested, both in = working the 
cupola and in the new rotary type of furnaces, and in the 
future there seemed to be great likelihood that the ordinary 
method ot working the cupola would be abandoned tor high- 
quality work 

Mr. Rowe emphasise 1 the fact that the Institute ot 
British Foundrymen, as an organisation, was largely responsible 
for such improvements as had taken place in this country 
during the last twenty vears, and this Institute, together with 
similar organisations in other countries, had provided and 


would continue to provide that stimulus and co-operation 
between foundrymen to secure the fullest possible improve- 
ments mi cast iron 

In order that all interested in the work of the foundrs 
should have effective means of aiding the development and 
progress of the foundry, it is their duty to become members 
of the Institute. The field is very wide, and the need of 
development in the national interest is great, and Mr. Rowe 
said all who had the interests of the trade in any way at heart, 
and were anxious to retain or extend the field which cast iron 
held, should join this organisation. 

The meeting was well attended, and the efforts very well 
received, and there is eve \ likelihood that a sub-section of the 
Lancashire Branch will eventually be formed in Preston. 


Marine Auxiliary Diesels complete 2,350 
hours’ running. 


The 10,250-ton deadweight motor tanker. British Strength, 
owned by the British Tanker Co., Ltd... London, built by 
Palmers Shipbuilding and Tren Co... Jarrow-on-Tyne, and 
engined with a single 2,850 h.p. Doxford opposed-piston Diesel, 
recently completed 39,884 miles running. The vessel sailed 
from the Tyne on April 29 of this vear, and has since been 
running in the Persian Gulf-U.K.-Continent trade. In addition 
to her mai 2.850-h.p. Diesel, she hes, for auxiliary purposes, 
two 60-kw. LLO-volt marine auxiliary sets. These Crossley 
vertical Diesel engines. which are of 4-cevele single-acting 
trunk piston airless-injection type, have functioned perfectly 
throughout the vessels running. Each engine is a 4-cvlinder 
wait with 8} in. evlinder diameter and 12-in. stroke, developing 
110b.A.p. at 450 revs.. and is coupled to a Sunderland Forge 
6H0-kw. L1LO-volt D.C. generator. Each set has run approxi- 
mately for 2.350 hours with loads varving all the way from 
light to full power, the average being about 48) kw. and 
72 b.h.p. The fuel consumption of these units is stated to have 
been normal, and the lubricating oil averages about 0-4 gals. 
per day. Each engine is run for a week, and then is laid off 
for a week whilst the other runs. The owners state that they 
are satisfied with the way in which these engines have operated ; 
thev have given no trouble, and have given cause for no vibra- 
tion whatever 


A New Mineral. 


\ new mineral, Krausite. a recently discovered addition to 
the science of the mineral world, has been named by its 
discoverer, William F. Foshag. of the United States National 
Museum, in honour of Dr. Edward H. Kraus, Professor of 
ery:tallography and mineralogy and director of the minet 
alogical laboratory of the University of Michigan. Krausite, 
noted for the first time during a study of boron deposits in 
California, is described as a new sulphate of iron and potash, 
of varying sized crystals, usually mauve or vellow in colour. 
some of the latter being clear and with brilliant lustre. 





Some Contracts. 


Alexander Stephen and Sons, Ltd., 
awarded the contract for a cargo vessel of between 7,000 and 
8.000 tons deadweight, 


Glasgow. have been 


from French owners. 


Messrs. Ltd... Port Glasgow. have received con 
tracts for two cargo vessels. Each will have a tonnage capacity 
of 9,000 deadweight, and will be propelled by triple-expansion 
The order has been placed by Messrs. J. and C 


Ltd., of 


Lithgows, 


CnAINEs, 
Harrison, London. 

The Burntisland Shipbuilding Co. have seeured orders for 
two One for London will be of the 
“type, having a deadweight capacity of 7,000 tons. 
North-East Coast will have a 


sels, owners 


carwo \ 
= Economy 
The second vessel, for owners, 


capacity of 1,400 tons 


Messrs. Harland and Wolff have received an order for a 
new passenger steamer for the London Midland and Seottish 
Railway Co. The new vessel is for Clyde services, and will be 
built at Govan. 


Gravy and Co., West 
Messrs. J. and C 
9.000 tons. 


Hartlepool, have 
Harrison, Ltd., of 
This is the third 
owners during the 


Messrs. William 
received an order from 
London, for a cargo vessel of 
order placed with this firm by the 
last 


saline 
few months. 

Inglis, Pointhouse, Glasgow, have received 
Commissioners of Northern Lighthouses 
This vessel will be built mainly 
Messrs. Colville’s, Ltd. 


Messrs. 
an order 
for a North Carr light vessel 
of special steel manufactured by 


A. and J. 


from the 


Messrs. Hawthorne, Leslie and Co., Ltd., Hebburn-on-Tyne, 
have secured an order for a 9.000-ton cargo vessel from Messrs. 
J. and C. Harrison, of London 

ordet 
Compound 
vessel, which will be 


Paisley. 


Ltd... have obtained an 


serv ice 


Dox kvard, 
rivet 


Ardrossan 
steamer tor 
installed in the 

MeKik Baxter, of 


The 
tor a paddle 
engines are to be 
structed by Messrs 


abroad, 
con- 


andl 


Messrs. Lobnitz and Co.. of Renfrew. have secured a contract 
for a rock-cutting vessel for foreign owners. 

The Furness Shipbuilding Co., of Haverton Hill, have 
obtained a contract for 500 tons of steelwork for the London 
and North-Eastern Railway It is to be used for the renewal 


of a large road bridge at Live rpool Street Station, London 


Messrs. Henry Simon, Ltd... Cheadle Heath, Cheshire. have 
secured the order for machinery and equipment for a new 
granary to be built at the Imperial Dock, Leith. The order, 
which has been placed by the Leith Harbour and Docks 
Commissioners, is stated to be of a total value of about 
£40,000, 

The Railway Signal Co., Westminster, have received a 


contract from the London North-Eastern Railway for 
’ 


the supply and installation of mechanical signalling apparatus 


and 


at Pete rborough 


Messrs. Nasmvth. Wilson and Co., Manchester, have booked 
an order for sixteen locomotives for one of the leading Indian 
railways. 

John I. Thornycroft and Co., Ltd., motor vehicle manu 
facturers, Basingstoke, have received a repeat order trom 
the Egyptian General Omnibus Co.. of Cairo, for over forty 
motor omnibuses, to augment their present fleet of over LOO 


Thornyecroft ‘buses and to establish new services at Alexandria. 
W. T. Henlev’s Te legraph Works Co. have received a con- 
from the Central Electricity Board for the supply and 
43 miles run of steel-cored aluminium conductors 


tract 
erection otf 
on lattice steel towers for a working pressure of 33,000 volts 
This is an extension to the contract for the South-East England 
scheme, which was placed with Henley’s last year and on which 
work is proceeding. 


Brooks, Haywood and Co., Sheffield, have secured 
of 2,000,000 safet y-razor blades from 


Messrs. 
a contract for the supply 
a@ South American firm. 
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Messrs. Fodens, Ltd., Sandbach, Cheshire, have obtained 
an order for 68 Foden-Diesel wagons for the carriage of road- 
stone and other quarrying matter of Broad Plate Syndicate, 
London, W. The high-speed oil-engines for these wagons are 
being constructed by Messrs. L. Gardner and Sons, Patricroft, 
Manchester. 


Imperial Airways have placed an order with Armstrong 
Whitworth Aircraft, Lid., Coventry, for a fleet of eight 145- 
miles-per-hour four-engined liners for the 
London-Capetown air mail service. 


monoplane air 


The Electric Co., of Witton, near Birmingham, 
have received a contract for the electrification of the N.S. 
and Western pits of the Rvhope Coal Co., near Sunderland. 


Ceneral 


Messrs. Redpath, Brown and Co. have secured the contract 
for the steelwork for Glyn Mills Bank, in Lombard Street, 
London. 


Messrs. 


received an 


Richard Dunston, Ltd., of Thorne, Yorkshire have 
order for two steel lighters for service at Hull. 
The vessels are to be 75 ft. long, and will be the largest size 
of lighter used in the Port of Hull. Each will be capable of 
carrying over 1,000 quarters of wheat. 


The Ash Co. (London), Ltd... has obtained an order for the 
supply of a complete “* Hydrojet and dust-handling 
equipment for the new Orsted power station of the Copen 
hagen Municipality. 
with eight 100,000 1b. per hour stoker-fired boilers. 


ash 


The equipment is for use in connection 


The Keighley Electric Engineering Co., Ltd., Keighley, 
have received an order from the Great Western Railway for 
the supply and erection of two electric 3-ton goods lifts at 


Taunton Goods Shed. 


The Central Eleetri ity Board has placed a contract worth 
£337,000 for 230 miles of main lines in South 


Scotland with British Insulated Prescot, 
Lancashire. 


transmission 
Cables, Ltd., of 


Catalogues and Other Publications. 


making sper jal reterence to the wide 


We have received an interesting booklet from Messrs. 
Wrighton and Co.,. Ltd... 
range of steel castings manufactured by them. This company 
has tackled the problems associated with the manufacture of 
In addition 


steel castings with characteristic thoroughness. 


to modern melting plant, foundry equipment, and special 
heat-treatment and annealing furnaces, the work in the foundry 
is supported by a fully equipped laboratory efficiently staffed. 
that in the manufacture of 


It is not surprising therefore 
carbon and manganese steel castings, as well as a wide range 
of alloy steel castings, this firm has been successful. The 


brochure gives particulars of special steels, microphotcgiaphs 
showing structures and information on their particular uses. 
Copies are available on application at the Teesdale Iron 


Works, Thornaby-on-Tees 


compre- 


Brown-Bayley’s Journal No. 8 contains a very 
It isa 


hensive discussion on the machining of stainless steel. 
reprint of a paper delivered before the Institution of Pro- 
duction engineers in London on January 7, 1931, by Messrs. R. 
Waddell and F. Worton, of Messrs. Brown-Bayley’s Steel 
Works, Ltd., Sheffield. The discussion covers 18 pages, anc 
all interested in the problems associated with the machining 
of stainless steel will find in it a mine of information. 


A complete analysis of the conditions associated with a 
before the selection of 


given grinding operation is 
So many factors are 


the proper grinding wheel can be made. 
involved in making the most suitable choice that, not only is 
a knowledge of the abrasive wheel action necessary, but also 
a considerable knowledge of the abrasive wheels 
Much information of this character is given in a 
. Selection and 


necessary 


various 
available. 
very interesting booklet of 50 pages entitled 
Application of Grinding Wheels *’ recently published by The 
Carborundum Company, Ltd., Trafford Park, Manchester. 
We are informed that copies of this booklet are available to 
all interested in grinding on application to the company. 
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The 

“SUPER” 
GAS 
FURNACE 


NEW 








‘**SUPER ”’ is the 
latest thing in heat-treatment furnace 


The Incandescent 
design. Used by manufacturing small- 
dependable 


tool makers, it is a 


er Perfect in 
temperature holding its 
predetermined temperature for hours 


* production Furnace. 


control ; 


if necessary, without special attention, 


For the hardening of dies, small 
(or big) tools, and for carburizing 
and general heat-treatment, the 


‘**SUPER”’ represents INCANDES- 
CENT’S best, 


world’s best. 


and that means the 


We in Furnace Equip- 
ment for all industries ; for Firing 
by Coal, Coke, Town’s or Producer- 
Gas, Oil Electricity. Use 
‘** Incandescent to your advantage. 


are experts 


and 


” 














The 


Teley e:S BRITISH MILLS, 
Lonoon OFFICE 16 ‘Qresnener Place, 8. wt. 


° Sluan : Inca IN ts, 1 





INCANDESCENT HEAT COMPANY Limited 


CORNWALL RD., SMETHWICK, BIRMINGHAM. 


Telegrams : Repeat, Birmingham, 


NORTHERN OFFICE & WORKS ; Selas Works, City Rd., Manchester. 


Tel : Citv 29053. Telegrams: Selasgas, Manchester, 








THE IRON AND STEEL TRADE 


THE past month has witnessed some degree of improvement 
in the iron and steel trades, due in a large measure to 
developments which date from the SUS} nsion of the gold 
standard in September Partly, the improvement has 
been brought about by the influence of the 
changed conditions on certain home industries, partly by 
the effect of those conditions as a bounty on exports, and 
though less directly, by the beneficial influence of 
outside “industries. Tron and steel 
that the General Election 
is out of the way, are looking for further assistance through 
the measures, whatever the, which the National 
Government will be compelled to adopt to redress the 
adverse trade balance 

Foundry iron and hematite iron makers in the Midlands, 
onthe East and West Coasts, and in Scotland, have benefited 
branches of the foundry trades 
with the production of a 
busier 


proces tronist 


partly 
the new conditions on 
producers in the country, now 


may be, 


in varying degrees. Those 
which are closely 
miscellaneous range of 
when the depreciated sterling proved an effective barrier 
to the importation of competitive from abroad. 
Midland foundry iron makers have been pretty well free 
from the competition of foreign iron for some time, and 
have therefore not benefited in the same way as have 
producers on the North-East Producers in that 
area have been much less affected by imports of cheaper 
material from the Continent, since the departure from the 
gold standard, and have recovered much ground in the 
home markets, including Scotland, and have 
a certain amount of export business which had been met 
by Continental producers. 

Apart from the improvement in the position of the light 
castings industry, already referred to, there has been more 
activity of varying extent in speciality branches of engin- 


concerned 
small castings soon became 


goods 


Coast 


also Secure d 


eering. 
— ‘rs in 


Heavy contract bookings were effected by pig-iron 
late September and early October, and in the 


aggregate deliveries into consumption have been on a better 

on Almost all important users are covered for supplies 
up to the end of the present vear, and with producers 
prepared to accept contracts over the opening quarter 


to-day’s range of values, buying interest 
January-March deliveries has shown 
past few weeks. 
very firm, with 


of next vear at 
in connection with 
indications of expanding during the 
Meanwhile, the general price position is 
little actual quotable change. 

Very little change has occurred in the finished iron trade, 
either from the point of view of prices or business. A 
month ago the demand for crown quality bars showed an 
increase, but as there has not since been any appreciable 
expansion in the rate at which the material is being taken 
conclusion is that the bulk of the 
of a covering movement against 
Continental bar iron for the nut 
much dearer, though still 
Recently, however, offers 
searcer, and unless steel 
nut and bolt grades 


into consumption, the 
buying was in the nature 
prices. 

become 


possible rise in 
and bolt trades has 
below the level of British makes. 
of the former have become 
is used as a substitute, British-made 
may enjoy an improved demand. 

In the steel trade rerollers have 
in a number of directions, largely in consequence of the 
rise in the prices of foreign products. So far, however, the 
position of most of the heavy steel-using industries in this 
country has not improved very much, though the announce- 
ment during the past week or two of orders placed with 
North-East Coast and Clydeside shipyards promises an 
early spurt in the demand for plates and other shipbuilding 
varieties of steel. There has undoubtedly been a better 
volume of buying in heavy steel, but this has been dictated 
less by improved order-books at the consuming end than 
by anxiety among users to cover against possible advances. 


here 


been materially busier 





ALUMINIUM. 


OH TUR coccvceceseaes £95 0 
ANTIMONY. 
ere £400 
Ss cede eaeeideenveses 2 0 
Ge openceendeesens 20 (0 
BRASS. 
Solid Drawn Tubes | 9 
Brazed Tubes ...... lb. 11 
Rods Drawn 8} 
MGED éeaneeeseensees 8} 
*i-xtruded Brass Bars t. 
COPPER. 
Standard Cash . od wis £37 16 
Electrolytic $1 10 
Best Selected ... ss) 0 
RU s sececees 17 15 
a ee 70 00 
Wire Bars i4 ) 
Ingot Bars ..... 45 
Solid Drawn Tubes Ib. 10] 
Brazed Tubes 103 


FERRO ALLOYS. 
t Tungsten Metal Powder Ih» 
P 
tFerro Tungsten 
Ferro Chrome, 60-7 
Hoc. 


up 


Basis Chir 


lots or 


2.4°,, Carbon, scale 12 
per unit 
= /14-6°, Carbon, scale 8 
< 
Zz per unit 
[16.8% Carbon, scale 8 
: per unit 


18-10°, ¢ 
per unit 


arbon, scale 8 


§ Ferro ¢ hrome Sper lly Re 
fined, broken in smal! 
pieces for Crucible Steel 
work. Quantities of 1 té 
or over. Basis 60 c} 
Guar. max. 2°, Carbon, 

scale 11 6 per unit 
Guar. max 1°) =6(Carbor 

seale 15 + per unit 
fGuar. max. 0.7 Carbon, 

scale 15 per unit 

*Manganese Metal 6-08 
Mn 

t Metallic Chromiun 

§ Ferro-Vanadium 25-50 

§ Spiegel, 18-20 

Ferro Silicon 
Basis 10°. scale 
per unit 
20/30°, basis 25 scale 
3.6 per unit 
15 50°. basis 45 i 
5 per unit 
70, 80°, basis 75°, scale 
7 per unit 
90 95°. basis 90 scale 
10 per unit 
§ Silico Manganese 65 75 
Mn , basis 65° Mir 


§ Ferr« Titanium, 
15 Ti by 
» 


Ferro Phosphorus, 2 


Carbon 
18% 


1.95 for 


FUELS. 


Foundry Coke 


S. Wales Export £1 2 Ort 
Sheffield Export 0 14 Oto 
Durham Export 

Furnace Coke 
Sheffield Export 014 Oto 
S. Wales 016 6t 
dt onienvedseecs 


* McKechnie Brothers, 


Subyjec 
J 


Ltd., 


0 l 
lus wt 


’ 
“ ] 


' 8 
By 
to 610 
0 
! 
‘ > 
» 32 
6 17 


TT 
- 45 
17 
16 | 
> O 
2 7 
( 0 
17 10 


fl 16 
015 
l } 
015 
017 
” 13 





METALLURGIA 


MARKET PRICES 


ctuations, Buvers are a 


GUN METAL. 


*Admiralty Gunmetal Ingots 


St PPE EGS Ee Ceesanede aed £53 0 0 
*Commercial Ingots ..... dine iH 0 0 
*Gunmetal Bars, Tank brand, 

Lin. dia. and upwards Ib. 0 Ol 
*Cored Bars oO ol 
LEAD 
Soft Foreign ........ tl4 17 6 
English 16 10 ) 
MANUFACTURED IRON. 

Scotland 
Crown Bars £10 5 0 
N.E. Coast 

Rivets es ° ‘ seeees 11 » OU 

Best Bars ‘ , — | 

Common Bars lo lo 

Lancashire 
Crown Bars. 915 O 
Hoops... 2 Vv O 
Midlands 

Crown Bars. to >» Oto 10 tf) 

Pe ee. oC eanekwaeeds 2 0 O 

Unmarked Bars 

Nut and Bolt 

Bars £8 10 Oto 9 Oo OO 

GD Bec cadteesetveanes lo 12) «6 
S. Yorks 

Pe EGE ceceveesenvesees WwW 1s 0 

PROGR s ccvccccccenscevcees i2 0 0 


PHOSPHO 


R BRONZE. 


*Bars lank ” brand, | in. dia. and 
upwards Ib ad. 
*Cored Bars itd 
*Strip —" lord. 
Sheet to LOW. iG lida 
W ire 23d, 
Rod Phhe 
Tubes 1 4} 
Casting ‘a 
10 Phos. Cop. £30 abov B.S 
15° Phos. Cop. £35 above B.S, 
Pho Pin (5°) £30 above Enylish Ingots 
PIG IRON. 
Scotland 
Hematite M Nos sj Ss 6 
Foundry No, 1 $12 O 
- No. 3 > 
N.1 Coast 
Hematite N | = 
Foundry N l 3 1 oO 
No. 3 » 18 6 
- N t 2 17 6 
Cleveland 
Foundry No. 3 ; = @ 
os Ne 4 2 i7 6 
Silicon [ron ; l 0 
Forge No. 4 217 O 
N.W. Coast | 
Hematite s 14 i 
Midlands 
N. Staffs Forge No. 4 ; | O 
I mar No } 3 7 0 
Northants 
Forge No, 4 218 6 
Foundry No. 3 3 5 6 
Derbyshire Forwe ‘ i o} 
- Foundry No. 3 i a 
West Coast Hematite ........ { 3 6 
East 317 O 


SWEDISH CHARCOAL I 
AND STEEL. 


RON 


Pig Lror £6 0 Oto £7 O O 
Bars, hammered, 

basis £16 10 OO. £17 10 O 
Blooms ne € 8, fs 8 8 
Keg steel £32 0 O.. £33 0 OO 
Faggot steel fis OO O. £24 0 0 
All per English tor f.o.b. Gothenburg. 


12 rC, Clifford & Son, Ltd. 


§ Prices quoted Nov. 


12, ex warehouse. 
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Copper Cheam .cccccccccccses 5s | ee 
ue cg RENTER EEE 28 0 0 
We sbevesbatsvesnue 

Dl sp. anew e akiweeedk Caen 21 0 0 

8 eee ee 25 0 O 

BD daca vevaceeaneed iene nse 6 0 0 

Aluminium Cuttings ......... 62 0 O 

ROP eo eee slo 0 

Heavy Steel 
S. Wales 2 db sh 
Dn. sicusacedeeaiene 2 0 +L 
CAND. kn cdousscenedues 2 0 0 

Cast Lron 
DOE ci cn ttaececiwene 2 0 0 
i: SMe ca edece f2 6 Oto 2 7 6 
Cleveland ....... ee 3 6 to 2 6 i 

Steel Turnings 
GRU Vuueswkdebetances 1 7 0 
PM cciccanchaee ceva OW 6 

Cast Iron Borings 
CONE otnussaeewabouake i 2 O 
GS 6s+nektasdddaae oe 110 0 

SPELTER. 

G.OB. Gioia ..cccvcedsecies 

TELE TT ETT ere flo 12) 6 

rr TT Creer 1417 6 

India eeevesssoenes ses 12 15 O 

ee eee ee es) ee 12 15 0 

STEEL. 

Ship, Bridge, and Tank Plates 
ee err ts 15 0 
North-Fast Coast ......ec+ 815 0 
Midlands .. ere ey T s Va © 

Boiler Plates (Land), Scotland... 10 10) 0 

(Marine) = ‘ lo 1 0 

(Land), N.E. Coast 10 OF 0 

oe (Marine) mw 0 
Angles, Scotland .... 8 7 6 
North-East Coast bel 7 6 

- NE veseedvacsea 8 7 6 

Joists . ee ee ey 8S 15 0 

See DR vticscene slo 0 

oo ee or er oooe 12 O G 

Light Rails £8 10 Oto 8&8 15 O 

Shetlield 
Siemens Acid Billets e° 9 2 6 
Hard Basi .- £8 2 Gand 8 12 6 
Medium Basic..£6 12 tand 7 2 6 
Soft Basi wad a oe SS 
H £9 10 Oto 915 O 

Manchester 
Hoops , 9 O Oto 10 O 0 

Scotland, Sheets 20 W.G, 910 0 
HIGH SPEED TOO! STEEL. 
Finished Bars 18°, Tungsten. Ib. 2/9 

Extras 
Round and Squares, $in. to } in 3d. 
Under jin. to 4 im. ........ l 
Round and Squares 3 in ta 
Flats under 1 in. Rin 3d. 
hin. } in l 
TIN. 

Beamelard CGM. eccccccvescas £132 0 O 

Borgia. cc ccccccsccccccsces 133 lo) 0 

REE dnb sd. cinnsnceenes 34 0 0 

Pr ccchessseboéebunwes 386 15 0 

Tin Plates LC. 20 14 box 14 to 14/6 

OG Uae GA cic teeneccus £129 15 6 

ZINC 

English Sheete ..cccccscccce £24 0 0 

PROG ccccovesesonsevceseces 300208 COO 

Battery Plates ........ 20 5 O 
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ivised to send inquiries for current prices. 


* Murex Limited, quoted Nov 
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